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•  A  STUDY  07  TIffi  ACTION  OF  PRIMARY,  SECONDARY 
AND  TERTIARY  AMIKES  ON  CAMPHOROXALIC  ACID. 

INTRODUCTION. 

In  a  series  of  papers  "by  J.  Bishop  Tingle  and  his  co- 
(1) 
workers   it  has  been  shown  that  oamphoroxalic  acid  com- 
bines with  a  number  of  primarj^  amines  to  form  condensa- 
tion products  which  usually  belong  to  the  three  types 

^CrCCOOlTHsR        ^-C:CCOOH       ___^-— -C:CH 

C8Hl4;C  I  ^         C8H14C  I  1       C8Hi4_ I  I 

^-CONHR  ^CONHR  COKHR 


In  the  case  of  some  amines  which  contain  more  than  one 

(2) 
amino  group  such  as  benzidine,    the  compound,  though  ap- 
parently different  from  the  above  typical  forms,  is  prob- 
ably fundamentally  similar,  one  amino  group  condensing  and 
one  neutralizing  the  carboxyl  as  expressed  by  the  formula 

__^-C:CC00NH3 

C8Hl4^^  »  I 

CONH 

/ 
C6H4-  C6H4 


(1)  Inaug.  Diss.  Munich,  1889,  p. 34 
J.  Chem.  Soc,  57,  652  (1890) 
Amer.  Chem.  Jour.  19,  393  (1897) 

Ibid  20,  318  (1898) 
Ibid  21,  238  (1899) 
Ibid  23,  214  (1900) 
J.  Am.  Chem.  Soc, 23,  363  (1901) 
Amer.  Chem.  Journ.,34,  217  (1905) 
Ibid  35,  223  (1906) 

(2)  Amer.  Chem.  Jour.,  34,  231  (1905) 


(1) 

The  compound  fonaed  v/ith  benzamidine  is  probably  es- 
sentially similar  in  constitution.   In  the  case  of 

(2) 
orthophenylenediainine    another  complication  is  encoun- 
tered.  It  is  evident  that  a  compound  of  type  2 
C : CCOOH 

comm 

woula  be  extremely  likely  to  combine  further  to  form  a 
5  membered  ring  and  that  the  same  v;ould,  of  course,  be 
true  if  the  amino  group  first  attacked  the  carboxyl  as  in 

such  a  compound  as      ^,  C: CC0H)C00NH2R 

^8^14  \  I 
CO 

Experiment  showed  that  this  actually  took  place  because  in 
spite  of  many  attempts  it  was  not  found  to  be  possible  to 
isolate  any  compound  corresponding  to  either  of  the  two 
formulae  given  above  or  to  such  a  substance  as  is  repre- 
sented by  the  expression 

^C:CCOO  ^ 

)    i 
•C01THC5H4- 


^8^4^  '  ^      ^NH? 


Returning  now  to  the  substances  belonging  to  the 
three  types  there  are  two  points  which  call  for  comiaent. 
A  given  amine  is  not  necessarily  capable  of  forming  com- 


(1)  Amer.  Chem.  Jour.,  34,  230  (1905) 

(2)  J.  Amer.  Chem.  Soc,  23,  375  (1901) 


pounds  "belonging  to  each  of  these  classes,  some  can  do 
so,  others  only  yield  two,  and  certain  amines  appear  to 
be  able  to  give  not  more  than  one  of  them;  in  this  latter 
event  it  is  usually  the  substance  belonging  to  type  three 
which  is  formed.   I  shall  return  to  this  point  after  pre- 
senting my  ovrn  results. 

Further  inspection  of  the  amines  hitherto  employed 
for  the  condensations  discloses  the  fact  that  a  consider- 
able number  have  failed  to  react  at  all  v/ith  camphoroxalic 
acjd.   It  is  obvious  that  the  cause  of  this  failure  must 
be  cleared  up  before  it  can  become  possible  to  formulate 
the  regularity  underlying  the  reactions  in  question. 
Further,  it  is  desirable  to  increase  the  available  data  by 
extending  the  experioients  so  as  to  include  a  larger  num- 
ber of  amines  within  the  scope  of  the  investigation. 
This  was,  therefore,  my  first  object  in  undertaking  the 
investigation  whose  results  are  recorded  in  the  present 
dissertation. 

In  the  course  of  their  investigation  Bishop  Tingle 
(1) 
and  Hoffman    prepared  some  compoiaids  of  camphoroxalic 

acid  v/ith  dimethylamine  and  diethylamine  respectively. 

These  aroused  in  me  a  considerable  degree  of  interest  both 

(1)  Amer.  Chem.  Jour.,  34,  217  (1905) 


because  they  differed  in  coraposition  ty  containing  1 
molecule  of  water  more  than  v;ould  "be  expected  of  compounds 
"belonging  to  type  cne  a'bove  and  also  because  condensation 
compounds  of  secondary  amines  with  ketones  and  ends  had 
not, hitherto,  been  prepared.   In  the  second  part  of  ray 
work  I  therefore  prepared  a  number  of  other  condensation 
compounds  with  secondary  amines.   I  hoped  to  have  been 
able  to  study  their  constitution  and  reactions  but,  un- 
fortunately, failure  on  the  part  of  Messrs.  Eimer  and 
Amend  to  supply  the  necessary  chemicals  in  less  than  7 
months  after  they  had  been  ordered  rendered  this  plan  im- 
possible of  fulfilment. 

The  readiness  with  which  aniline  reacts  with  cam- 
(1) 
phoroxalic  acid   and  the  difficulty  experienced  in  ob- 
taining condensation  products  v/ith  paranitraniline  on  the 

(2) 
one  hand  and  with  para-  and  metaphenylenediamine   on  the 

other  made  it  desira.ble  to  investigate  the  behavior  of  the 
aminophenols  in  this  connection  because  thfese  latter  com- 
pounds might  be  regarded  as  being  in  a  position  midway 
between  the  substances  in  question.   They  are  less  basic 
than  aniline,  but  more  so  than  nitraniline.   They  are 
disubstituted  compounds  like  the  nitranilines  and  phenylene- 


(1)  Amer.  Chen.  Jour.,  21,  238  (1899) 

(2)  Amer.  Chem.  Jour,,  34,  253  (1905) 


diamines,  but  in  this  case  a  double  condensation  is  impos- 
sible although  it  is  at  least  conceivable  that  they  might 
eliminate  water  by  their  hydroxyl  combining  v^ith  a  hydro- 
gen atom  of  the  camphoroxalic  acid  somewhat  in  the  manner 
shown  by  the  equations 

^C:C(OH)COOH         ^OH  1 


.C:C — -CO 


C:C(0H)C0OH         ^^-OH  1 


NHg  4 


C8H14 

^---^  r.rJ>TH 


Clearly  such  a  double  condensation,  if  it  could  occur  at 
all,  would,  doubtless,  depend  essentially  on  the  possi- 
bility of  forming  new  cycloids  of  the  maximuja  stability, 
i.e.,  those  containing  five  or  six  members.   As  will  be 
seen  from  the  second  part  of  this  dissertation  these  ideas 
have  been  realized  in  the  case  of  orthoaminophenol. 


Arising  out  of  this  work  I  found  it  convenient  to 

clear  up  some  doiibtful  points  regarding  the  preparation 

(1) 
of  ortho-  and  pararainophenol  by  Morse  method.      This 

was  done  successfully  and  I  thought  it  well  to  extend  my 
work  on  the  condensation  products  of  secondary  amines  with 
camphor  oxalic  acid  so  as  to  include  a  study  of  the  "be- 
havior of  this  acid  toward  the  acyl  derivatives  of  the 
aminophenols,  v;hich  are,  of  course,  secondary  "bases.   This 
led  me  to  prepare  a  number  of  new  compounds  "belonging  to 
this  class  and  to  correct  a  nura'ber  of  errors  which  have 
been  made  in  the  description  of  these  already  known.   In 
addition  to  this  I  have  also  prepared  for  the  first  time 
some  diacyl  derivatives  of  the  aminophenols.   These  sub- 
stances are  also,  of  course,  secondary  bases  and  their 
ability  to  condense  with  camphoroxalic  acid  was  also  in- 
vestigated.  The  results  of  the  work  on  the  preparation 
and  properties  of  ortho-  and  paramino  phenol  and  their 
mono  and  diacyl  derivatives,  including  a  description  of 
some  unsuccessful  experiments  on  the  preparation  of 
triacyl  derivatives  of  these  phenols  are  given  in  the 
second  sections  of  this  dissertation. 

(1)  Ber.  d.  Chem.  Ges.,  11,  232 


In  connection  with  another  line  of  work  it  appeared 
to  be  desirable  to  investigate  the  behavior  of  camphor- 
oxalic  acid  toward  certain  tertiary  bases,  especially 
those  of  an  alkaloidal  nature,  the  particular  object  be- 
ing to  obtain  salts  with  well  developed  crystallizing 
power  which  might  ultimately  prove  of  service  in  the  ex- 
amination of  camphor oxalic  acid  for  possible  stereo- or 
structural  isomers.  My  results  are  recorded  in  the  third 
part  of  this  dissertation. 


THEOI^TICAL. 

(1) 
In  previous  papers  on  this  subject   the  inter- 
action of  camphoroxalic  acid  with  raethylamine, 
oc  naphthylamine,  Jf  naphthylamine,  paratoluidine,  raeta- 
toluidine,  benaylanine,  benzamidine,  benzidine,  1,  2,  4, 
nitrotoluidine,  orthophenylenediamine,  aniline,  senicar- 
bazine,  diiiie  thy  lamina,  diethylamine,  hydroxyl  amine,  san- 
monia,   phenylhydra2ine,urea,  methylurea,  symmetrical 
dimethylurea,  unsymmetrical  dimethylurea,  hydrazine,  and 
parabromphenylhydrazine  has  been  studied.   I  have  supple- 
mented this  by  the  investigation  of  the  following  sub- 
stances. 


(1)  loc.  cit. 


PRIMARY  mrms. 

I.  ETHYLAMIM]. 
Ethylamine  and  camphoroxalic  acid  react  when  heated 
in  a  solution  of  absolute  ethyl  alcohol  under  pressure  to  100° 
to  form   ethylamineethylcamphof  ormeneajninecarTpoaylate, 
.CcCCOOlNlHjG^Hg 
^  C0l!mC2H5 

which  crystallizes  from  ethyl  acetate  in  clusters  of 
slender  white  needles  which  melt  at  109 o. 

When  this  salt  is  heated  considerably  above  its 
melting  point  ethylcamphoformeneajaine, 
/C:CE 


C8Hl4C^ 

^C0iaiC2H5 

is  formed.   This  is  deposited  from  acetone  in  semitrans- 

parent  glistening  plates  v/hich  melt  at  118°. 

II.  ETHYLEKEDIAMIME . 
Camphoroxalic  acid  and  ethylenediamine  react  when 
heated  for  a  short  time  in  absolute  methyl  alcohol  to 
form  ethylenecamphoformoldiaminecarbcxylate , 

^  CHC  ( OH )  COOIIH3  C2H4!m 

C8H14  <"  t 
CO 


which  was  purified  "by  crystallizing  from  a  mixture  of 
methyl  alcohol  and  water,  heing  deposited  in  white  micro- 
scopic crystals  which  melt  at  220°. 

When  this  compound  is  heated  ahove  its  melting  point 
a  gummy  mass  is  formed  and  it  was  found  impossihle  to 
separate  a  definite  compound  from  this  gum. 


III.  PARAMITBAlTILIiai . 
Paranitraniline  and  camphoroxalic  acid  react  when 

heated  in  "benzene  solution  to  140°   to  form  paranitro- 
phenylcamphof ormeneamine , 

C:CH 

C8Hl4C_'     I 

^^C0>THC5H4  ITO2 

which  was  purifiea  by  crystallization  from  alcohol,  being 
deposited  in  glistening  brownish  yellow  needles  melting 
at  156°. 

IV.  ORTHOAiaiTOPIIENOL . 
Orthoaminophenol   and  camphoroxalic  acid  react    when 


10 


heated   in  alcoholic   solution  to   form  the   lactone   of 
orthohydroxiv^lphenylceiiiiphoforineneaminecarTjoxylic   acid 

'C:CCOO 

08^14  CM/ 

^  COUHCgH^ 

This    is  deposited  fron  ethyl  acetate   in  well  defined 
yellow  crystals  of  the  monoclinic   system  melting  at 
159.50. 

Some   of  this   compound  was  dissolved   in  a  dilate 
bar itun  hydroxide   solution  and  alcohol  added.      The    solution 
was   then  acidified  with  dilute  hydrochloric  acid  and 
crystals   separated.      These  were  found  to  he  unchanged  by 
this  treatment    so   the   compound   is  evidently  a  lactone. 
The   compound  was  also  heated  to   290°,    at  which  temperature 
it   began  to    sublime     without,   however,    undergoing  decom- 
position. 

V.    PARAMINOPHENOL. 
ParcUttinophenol  and  camphoroxalic   acid  react  when 
heated  under  pressure    in  an  absolute    ethyl  alcohol   solu- 
tion to   form  paraminophenol  parahydroxyphenylcamphof ormene- 
aminecarboxylate , 

/CH:  C ( OK)  C0a1* HjCgH.OH 
C8Hl4C(      / 

cor.:iCQH40H 

which  is  deposited  from  alcohol  in  yellov/ish  feathery 


11 

crystals  melting  at  190°  and  decomposing  when  heated 
above  the  melting  point. 

When  this  salt  is  treated  with  dilute  hydrochloric 
acid  it  becoines  yellow  without  going  into  solution. 
Recrystallized  from  benzene  the  compound  melts  at  178° 
and  decoraposes  on  melting. 

If  the  compound  melting  at  178°  is  heated  above  its 
melting  point  carbon  dioxide  is  eliminated  and  a  gummy  mass 
is  left.   This  dissolved  in  benzene  separates  in  greyish 
crystals  melting  at  314°. 

Attempts  v;ere  made  to  obtain  compounds  with  para- 
phenylenediamine,  metaphenylenediamine ,  and  propyl  amine 
and  caraphoroxalic  acid  but  without  success. 


12 


SECOin)ARY  .MIEES. 

When  I  commenced  this  work  the  only  secondary  "bases 

which  had  been  studied  in  this  connection  were  dimethyl- 

(1) 
amine  and  diethylamine.    I  have  extended  the  number  so  as 

to   include 


VI.    DIM-TYIAMIHE. 
Diajnylamine   and  camphoroxalic   acid  react    vihen  heated 
in  alcohol  for  a   short   time      to      form  diamylcamphoforrool- 
aminecarhoxylic   acid 

/'CHC(OH)COOH 

C8Hl4C_/     / 

C0N(C5Kii)2 

which  was  purified  by  recrystallizatlon  from  alcohol,  being 

deposited  in  white  microscopic  crystals  melting  at  150°. 

With  alcoholic  ferric  chloride  violet  color  is  produced. 

The  compound  dissolves  in  sodium  bicarbonate  solution  with 

evolution  of  gas. 

When  this  compound  is  heated  above  its  melting  point 

diamylcamphof ormeneamine 

/C:CH 
C8Hl4i:^  I     I 

^coir:c5Hii)2 

(1)  Bishop  Tingle  oc  Hoffman  loc .  cit . 
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is  formed.   This  was  recrystallized  from  acetone  and 
melts  at  43°. 


VII.  DIISOAMYLAMIIJE. 
Diisoamylaraine  and  camphoroxalic  acid  heated  in  al- 
cohol for  a  short  time  react  to  form  diisoamylcajiphof ormol- 
aminecarboxylic  acid 

/  CH:C(0H)COOH 
^C0N(C5Hii)2 
which  is  deposited  from  acetone  in  white  microscopic 
crystals  melting  at  156°.   A  violet  color  is  produced 
with  alcoholic  ferric  chloride.   The  compound  dissolves 
in  sodium  "bicartonate  solution  with  evolution  of  gas. 

Heated  above  its  melting  point  this  compound  forms 
diisoamylcamphofcrmeneamine, 

C :  GH 
C8Hl4\  /  I 

This  is  deposited  from  ethyl  acetate  in  slightly  yellow 
not  v/ell  defined  crystals  irielting  at  40°. 


VIII.  DIISOEUTYLAJimJE. 
Liisohutylamine  and  camphoroxalic  acid  when  heated 


14 

for  a  short  time  in  a  solution  of  absolute  ethyl  alcohol 
react  to  f onnclii30"butylcamphof ormolaiginecarboxylic  acid 
,-^CH:C(OH)COOH 
^---CO  N(C4Hy)2 
which  is  deposited  from  ethyl  acetate  in  glistening  white 
needles  which  melt  at  179°-180O  with  evolution  of  gas. 
The  compound  gives  a  violet  color  v.-ith  alcoholic  ferric 
chloride . 

When  the  compound  described  above  is  heated  above  its 
melting  point  diisobutylcamphof ormeneamine 

^^^^  C :  CK 

C8Hl4-^^  I  I 

^^C0K;C4H9)j, 

is  formed.   This  is  deposited  from  acetone  in  white  plates 
melting  at  730-74°. 


IX.  DIBENZYLAMINE . 
When  dibenzylamine  and  camphor oxalic  acid  are  heated 
under  pressure  v;ith  absolute  ethyl  alcohol  in  an  atmos- 
phere of  coal  gas  they  react  to  form  dibenzylcamphof o rmene- 
amine, 

^  C:CH 

I  I 

•COH(C6li50Hg)g 


t'sHll 


15 


which  is  deposited  from  alcohol  in  snail  glistening  v>rhite 
crystals  melting  at  152°. 


X.  METHYLANILINl . 
Methylaniline  and  camphoroxalic  acid  react  when  heat- 
ed under  presE\.ire  to  forra  phenylmeth;^^lcamphof ormeneamine , 
.^  C :  CH 


''""'^^U^'^^^ 


C  K3 
which  is  deposited  from  ethyl  acetate  in  small  glistening 
nearly  colorless  crystals  melting  at  126°. 


XI.  ETHYLAMILINE. 
Ethylaniline  and  camphoroxalic  acid  react  when  heat- 
ed under  pressure  in  "benzene  solution  and  form  pheny.l- 
ethylcamphof  ormenearriine_, 
^__^  C:CH 

C2H5 
which  was  obtained  as  a  viscous  liquid  boiling  at  285°- 
290°  under  110  m.m.-120  m.m.  pressure.   This  is  the  first 
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condensation  product  of  camphoroxalic  acid  to  "be  obtained 
which  does  not  have  a  crystalline  structure  at  ordinary 
temperatures. 

XI I .   BENZYlETffirLAiaKE  . 

Benzylethylamine  and  camphoroxalic  acid  react  when 

heated  for  a  short  time  in  absolute  ethyl  alcohol  to  form 

benzylethylcaiflphof ormolaminecarhoxylic  acid, 

^^CHC(OH)COOH 
^^^14^   (  I 

cofr  :^ 

which  is  deposited  from  ethyl  acetate  in  small  white 
flocculent  crystals  melting  at  158°  with  evolution  of  gas. 
With  alcoholic  ferric  chloride  a  violet  color  is  pro- 
duced. 

When  this  compound  is  heated  above  its  melting  point 
benzylethylcamphoformene amine 
/  C :  CH 


CqHi 


■CON  ^C^HsCHg 
■'2^5 


'8^14- 

\ 

CgHj 

is  formed.   This  is  deposited  from  alcohol  in  plates  v;ith 
a  slightly  pinkish  tinge  melting  at  57o. 
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XIII.      ACEI  YLPHElTYIiHYDRAZ  I NE . 
Acetylpiienylhydrazine   and  camphor  oxalic   acid  react 
when  heated   in  benzene    eolution  under  jjressure    to   form 
acet3'"lphenylaminecamphof  orraeneaminei 

^^^  C :  CH 

C8H14.    /  / 

^  CON^ 

COCH3 

which  was  recrystallized  from  alcoho],  being  deposited  in 
long  white  needles  melting  at  174°. 

This  compound  was  heated  with  concentrated  hydro- 
chloric acid  and  a  compound  was  obtained  which,  when 
crystallized  from  ethyl  acetate,  forms  yellowish  plates 
melting  at  1330,  but  not  at  all  sharply.   All  attempts 
to  get  the  compound  in  a  pure  condition  were  unsuccessful. 


In  addition  to  these  I  have  also  investigated  the 
behavior  of  the  following  acj-l  secondary  bases  toward 
camjihor oxalic  acid: 
paranitrobenzoylparaminophenol,  diparanitrobenzoylparamino- 
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phenol,  metanitrobenzoylparajninophenol,  dimetanitroben- 
zoylparaminophenol,   paranitrobenzoylorthoaminophenol, 
diparanitrobenzoylorthoaminophenol,  metanitrobenzoyl- 
orthoaminophenol,  dimetanitrobenzoylorthoauninophenol, 

phenylsulphourparaminophenol.phenylsulphourorthoaininophenol, 
diphenylsulphourorthoatninophenpl  and  paracetoaminophenol. 
no    single  one  of  these  acyl  derivatives  could,  however, 
be  induced  to  undergo  reaction.   Besides  these  I  also 
tried.  benzoylphen:ylhydra2;ine,  benzylphenylhydrazine, 
benzylmethylamine,  benzylaniline,  paraphenylhydrazine- 
sulphonic  acid,  phenyl  ^   naphthylamine ,  and  phenylmethyl- 
hydrazine.   Fo  single  one  of  these  compoimds  reacted. 

Owing  to  the  impossibility  of  obtaining  delivery  of 
the  secondary  bases  required  in  the  above  work  from  Messrs. 
Eimer  and  Amend  in  less  than  7  months  it  was  impossible 
to  carry  out  my  original  plan  of  investigating  the  con- 
stitution of  their  campho:- oxalic  acid  derivatives.   This 
question  will  be  taken  up  by  Dr.  Tingle  in  the  inmediate 
future . 


.  jreiriffO.fTffn.soft.t  - 
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TERTIARY  AlTIItES . 
The  main  object  in  cariying  out  experiments  with 
tertiary  amines  was  to  endeavor  to  obtain  from  them  and 
camphor  oxalic  acid  some  v/ell  defined  salts,  v;ith  highly 
developed  crystallizing  power,  which  might   serve  to  help 
in  the  investigation  of  possible  stereo  or  structural 
isomeric  cajuphor oxalic  acids.   The  following  bases  were 
employed: 


XIV .  TRIl^ffiThTlAl/IIHE . 
The  free  base  of  trimethylaiaine  and  camphoroxalic 
acid  react  when  heated  for  a  short  time  in  absolute  methyl 
alcohol  to  form  trimethylcamphoformolaiainecarboxylate, 

^  c :  c  ( OH)  coo:n(  CK3 )  3 

CO 
which  is  deposited  from  benzene  in  white  microscopic 
crystals  melting  at  139°-140°.   In  alcoholic  solution  a 
violet  color  is  produced  with  ferric  chloride. 

When  this  compound  is  heated  above  its  melting  point 
a  yellow  gum  is  found  from  which  it  was  in^jossible  to 
isolate  a  crystalline  compound. 
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XV.  TRIETHYLAJ.IIHE. 
Triethylaminehydrochloride,  potassium  hydroxide  and 
camphor  oxalic  acid  \vhen  heated  in  absolute  ethyl  alcohol 
form  potassium  chloride  and  the  free  "base  and  acid  react 
to  form  triethylaminecamphoformolaminecar "boxy late, 

^  C:C(0H)C001TH(C2H5)3 

C8Hl4\  I 
CO 

which  is  deposited  from  "benzene  in  small  white  crystals 

melting  at  102*^-103°.   This  compound  is  also  obtained 

when  the  reaction  is  carried  out  in  the  same  way  as  with 

trimethylamine . 

V/hen  the  compound  described  above    is  heated  consid- 
erably above    its  melting  point   a  giim  is  formed  from  which 
a  crystalline  compound   Vv-as   isolated,    but   it   was  not   ob- 
tained in  a  pure  condition. 
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XVI.  BENZALAIULINE . 
Ben2ala,niline  and  camphoroxalic  acid  when  heated 
under  pressure  in  absolute  alcohol  solution  react  to  form 
phenylcamphoformeneajninecarhoxylic  acid 
C : CCOOH 


^8^14 


COITHC.H 


6^5 


which  is  deposited  from  "benzene  in  yellow  microscopic 

crystals  melting  at  174°.   This  compound  v/as  previously 

(1) 
made  from  aniline  by  Bishop  Tingle. 

Prom  the  compound  which  is  formed  in  the  reaction 

described  above  it  is  seen  that  the  benzalaniline  is  split 

up,  the  aniline  portion  uniting  v/ith  the  acid  v:hile  the 

atom,  of  oxygen  which  is  split  off  from,  the  acid  unites 

v^ith  the  residue  of  the  benzalaniline  and  forms  benzal- 

dehyde . 

XVII.   QUINIIIE. 
Quinine  T.^as  dissolved  in  hot  benzene  and  to  the  solu- 
tion camphoroxalic  acid  v;as  added.  Without  further  heating  these 
reacted  on  standing  to  form  quininecam.phoformolaminecar- 
boxyla^te. 

^-  C :  C  ( OH )  COOITHC  20^24^ 2^^ 
(1)  Amer.  Chem.  Jour.,  21,  238,  1899. 
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which  is  deposited  from  ether  in  small  \\iiite  crystals 
melting  at  160°-1610  with  decomposition.  With  ferric 
chloride  in  alcoholic  solution  a  violet  color  is  pro- 
duced. 

When  the  salt  described  above  is  heated  above  its 
melting  point  a  gum  is  formed  and  this  treated  with  sodium 
carbonate  is  decom.posed  into  camphoroxalic  acid  and 
quinine . 

XVIII.  STKYCmmiE. 
strychnine  and  camphoroxalic  acid  when  dissolved  in 
hot  benzene  a.nd  allowed  to  stand  for  18  hours  without 
further  heating  react  to  form  strychninecantphoformolamine- 
carboyylate 

/  C :  C  ( OH )  COONHCgxHg.  ,0^ir 

which  is  deposited  from  ethylacetate  in  small  white  needle- 
like crystals  containing  one-half  molecule  of  ethyl  acetate 
of  crystallization  and  melting  at  214° -215°  with  decom- 
position. With  alcoholic  ferric  chloride  a  violet  color 
is  produced. 

When  this  salt  is  heated  above  its  melting  point 
water  and  carbon  dioxide  are  given  off  and  a  viscid  yellow 
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mass  is  left  from  which  attempts  to  obtain  a  definite  com- 
pound were  unsuccessful. 

XIX.   BRUCIia;. 

With  'brucine  and  camphor  oxalic  acid  it  was  thought 
advisable  to  try  if  it  v/ere  possible  to  obtain  two  iso- 
meric compounds.  With  this  end  in  view  only  one-half 
molecule  of  brucine  was  dissolved  in  benzene  with  a  mole- 
cule of  the  acid  and  the  solution  allowed  to  stand.  Crys- 
tals formed  and  were  separated  from  the  solution.   To  the 
solvit  ion  a  second  half  molecule  of  brucine  was  added  and 
crystals  were  also  obtained  but  they  were  identical  with 
the  first  lot  and  brucinecamphoformolaminecarboxylate. 
-CC  (0PI)C002rxiC23H2604lT 
CO 

was  obtained  in  both  cases.   Prom  alcohol  the  compound 
is  deposited  in  small  glistening  white  plates  melting  at 
235°-236°  with  decom.position.  Y/ith  alcoholic  ferric 
chloride  a  violet  color  results. 

m^en  the  salt  described  above  is  heated  above  its 
melting  point  a  gum  is  formed  from,  which  it  was  impossibl" 
to  obtain  a  definite  compound. 


CaHi4<r  I 
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PIPERI^th; . 
Piperine  and  cajnphoroxalic  acid  were  heated  under 
pressLire  in  Toenzene  solution  and  the  only  reaction  was 
to  convert  a  small  amount  of  the  piperine  into  piperic 
acid.   The  formation  of  the  acid  may  loe  accounted  for  "by 
the  snail  s.mount  of  moisture  present  in  the  benzene  and 
acid  acting  on  the  piperine  under  the  conditions  of  the 
experiment  and  converting  it  into  piperic  acid  and 
piperidine . 


TRIKENZYLAKIUE. 
Attempts  to  obtain  a  condensation  compound  of  tri- 
benzylamine  and  camphoroxalic  acid  were  unsuccessful  as  a 
gummy  mass  v;as  formed  which,  on  treatment  v;ith  sodium  car- 
bonate, was  decoc^osed  into  the  free  base  and  acid. 

It  is  evident  that  of  the  salts  described  above  those 
of  brucine  or  strychnine  appear  to  be  admirably  adapted 
for  the  purpose  mentioned  in  the  introductory  paragraph 
to  this  part  of  the  dissertation. 
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The  following  tables  (p.p.  26  -  31     )  show  the 

various  condensation  compounds   of  cajnphor oxalic  acid 

and  amines  which  have  been  described  by  Bishop  Tingle  and 

(1) 
his  co-v.'crkers     and  also  those  which  are  described  for 

the  first  time  in  this  dissertation.   The  compounds  mark- 
ed ^  have  been  previously  described.   Those  marked -4-  con- 
tain the  elements  of  1  molecule  of  v;ater  more  than  is 
shov/n  by  the  type  formula.  When  no  definite  compound 
could  be  isolated  the  space  in  the  table  is  occupied  by 
a  dash. 


(1)  loc.  cit. 
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Primary  Amines. 


C:CC00ira3R 


C : COOH 


8   14 


COITHR 


coimR 


C:CH 

COiraR 


1.    02,6^,^1^2 


X169' 


^172.5° 


Xl73° 


2.    C.^H^ITH^o. 


^16  50 


^170° 


3.    CH3ini2 


X172O 


2^1310 


4. 

CgHg^THg 

1090 



1180 

5. 

CgHgCHol^IHa 

X147.5O 

^140° 

X96.5O 

6. 

C5H4CH3^TH2(1:4) 

X1520 

X1680 

^1780 

7. 

CgH^im2M02(l:4) 



— 

156° 

8.    CH3C5H4lH2(l:3)  ^126^ 


1  2      4 

9.    CH3C(3H^1IH2N02 


^154 


=^192° 


lO.C.H.inig 


X158 


^1740 


=^166 


ll.NHgCOKHlTHg 



^19  8° 



12.0C(KH2)2 

— 

^1920-1940 

—  . 

13.CgH4<             (1:4) 

4-  190° 

OH 


M-CgH^/ 


(1:2) 


I.TH2 


/ 


C:CCOO   159.5° 


CsHuN  '    1     / 

COKHC«H. 


15.ini2C6H4C6H42!lH2 


C8Hl4^l 


C:CC00m^  ^1900 


CONHC5H4C5H4 
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16.  C6H4(NH2)2    ^1*2) 

17.  LTH^^IHCgHs 


18.    OC-ITHCH3 
NHo 


4-     C18H20N2O2  X2460 


y 


*^8%4\  '    ' 


C:CC00C2H5 


X2120 


COiraKHCgHg 


^8Hl4N I 
C 
1/ 


^CCOOH 
/  ^1540 

ITCH3 

■CO 


19.    1^23^2 


CO 

C8Hl4(  I 

C :  C  ( OK )  COOHH3 


^1860 


^C:C(0E)C003!H3 

C6H14N  I 
CO 


X 


^8VV'     1 


CiCCOOiragR 


coiniR 


'bHi^I   1 


CHC(OH)COOH 


CoH 


,C:CH 


20.  CgH5lTHHH2 

21.  lgH2miC6H4Br    (1:4) 

22.  C2H4(lTa2)2 


COIJHR 

^1200 

^1490 

2200 


8^14\/    I 

CONHR 


26.    OC 


■HCH^ 


'imr 
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C :  CCOOlTHjR  C :  CCOOH  C ;  CH 

COITTO  COl^IHR        ^  ^^   COIIHR 


23.    IIH^OH 



4-^146.5° 

— 

24.    ^3 

-  — 

^178 

—  „ 

25.    C3E7m2 

A  gui/i  was  formed. 

27.    CH3CgH4!^rH2(l:2) 


28.    CH3C0C5H4xTH2(l:4) 


29.    CgH4(  1^2)2(1:3) 


30.    CgH4(]ra2)2   (1:4) 
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^ 
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^ 
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In  the  preparation  of  camphor oxalic  acid  the  method 

used  ^ms  that  descrilDed  "by  J.  Bishop  Tingle  and  ¥.  E. 

(1) 
Hoffman,  Jr.,   with  the  changes  which  were  suggested  and 

(2) 
employed  hy  J.  Bishop  Tingle  and  C.  J.  RoToinson. 


PRIMARY  mims, 

I,  ETHYlAjn^^TE. 
Ethylamine  (5  grams  •  2  molecules)  and  camphoroxalic 
acid  (12.5  grams  -  1  molecule)  were  placed  in  a  pressure 
bomh  with  30  c.c.  absolute  ethyl  alcohol  and  heated  to 
100°  for  six  hours.   The  bomb  was  opened  after  cooling 
and  the  excess  of  solvent  evaporated.   A  semi-crystalline 
mass  was  left  which^  on  dissolving  in  gasoline  and  adding 
chloroform^  separated  from  the  solution  in  a  fairly  pure 
condition.   The  compound  was  purified  by  recrystallization 
from  ethyl  acetate^  being  deposited  in  white  needles  which, 
melt  at  109°.   Dissolved  in  alcohol  and  ferric  chloride 
added  there  is  no  color  reaction  produced.  Analysis 
showed  the  compound  to  be  ethylamine  ethylcamphoformene- 
aminecarboxylate 


(1)  Amer.  Chem.  Jour.,  34,  235  (1905) 

(2)  Ibid  35,  248  (1906) 
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Analysis: 

0.2503  gran  substance  gave  19.2  c.c.  N.  at  24°  and  760  m.m. 

Calculated  for  Found 

CrCCOOmsCoHs 

1  I 

COimCgHs 


^8^14' 


S  9.47  9.13 

2.  When  treated  with  sodltin  hydroxide  the  above 
salt  dissolves  but,  on  acidification  with  dilute  hydro- 
chloric acid,  decomposes  into  camphor oxalic  acid  and 
ethylainine. 

3.  When  heated  to  150°  ethylamine  e t hy  1  c ampho f or. - 
meneaminecarboxylate  gives  off  carbon  dioxide  and  ethyl- 
amine and  forms  a  compound  v/hich,  when  recrystallized  from 
acetone,  is  deposited  in  semitransparent  pleites  melting 

at  118°.  With  alcoholic  ferric  chloride  no  color  reaction 
is  produced.   Analysis  proved  this  compound  to  be  ethyl* 
camphof ormeneamine .     Analysis: 
0.1135  gram  substance  gave  7.0  c.c.  N  at  24°  and  755  m.m. 

Calculated  for  Pound 

C8%4v^|     \ 

C0mC2H5 

N  6.77  6.70 
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II.  ETHYLEl]EDlA?n?IE. 
The  free  "base  was  prepared  as  follows:   ethylene- 
dianine  iiydrochloride  (5  grains  =  1  molecule)  was  dissolv- 
ed in  a'osolute  methyl  alcohol.   To  this  was  added  an  al- 
coholic solution  of  potassiiom  hydroxide  containing  4,2 
grains  "  2  molecules.   The  alcoholic  solution  of  the  "base 
was  filtered  from  the  potassium  chloride  and  to  the  solu- 
tion camphoroxalic  acid  (8.4  grams  =  1  molecule)  was  add- 
ed and  the  solution  heated  for  a  short  time.   Crystals  be- 
gan to  form  and  the  solution  was  concentrated  further  in 
a  vacuum  desiccator.   The  compound  was  purified  hy  crys- 
tallization from  a  mixture  of  60  parts  methyl  alcohol  and 
40  parts  water  "being  deposited  in  greyish-white  micro- 
scopic crystals  melting  at  220°.   The  compound  is   spar- 
ingly soluble  in  ethyl  acetate,  acetone,  "benzene,  toluene, 
ether,  ethyl  and  methyl  alcohols.   Analysis  showed  the 
compound  to  be  ethylenecamphoformoldiaminecarhoxylate. 
Analysis: 

0.1816  gram  compound  gave  15.3  c.c.  E".  at  770  m.m.  and  20°. 
Calculated  for  Found 


^8%4\' 
CO 


CH:  0£»l|COOm3C2H4mi 


9.87  9,58 
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2.  V/hen  the  above  compound  is  heated  to  215°  water 
and  carbon  dioxide  are  given  off  and  a  dark  gumay   mass  is 
left  in  the  tube.   A  semi-crystalline  mass  was  separated 
but  no  crystals  free  from  gum  could  be  obtained  so  no 
attempt  at  analysis  was  made.   The  gvamay   mass  gave  no 
color  reaction  with  alcoholic  ferric  chloride,  however. 


III.  PARAWITRANILIJ^IE. 
Paranitraniline  (4.15  gram  ■  1  molecule)  camphorox- 
alic  acid  (6.75  gram  =  1  molecule)  and  benzene  (30  cubic 
centimeters)  were  heated  under  pressure  to  135o-140o  for 
six  hours.  V/hen  the  bomb  was  opened  after  cooling  there 
was  considerable  internal  pressure.   The  benzene  was 
evaporated  and  a  tarry  mass  was  formed.   As  no  crystals 
could  be  separated  from  this  tar  by  dissolving  it  in 
various  solvents  it  was  treated  v;ith  a  dilute  aqueous 
solution  of  sodium  "carbonate .   The  part  insoluble  in  the 
carbonate  solution  was  dissolved  in  benzene  and  ligroin 
added.   Crystals  separated  and  were  further  purified  by 
recrystallization  from  alcohol^ being  deposited  as  glisten- 
ing brownish  yellov;  needles  melting  at  156°.   Analysis  of 
this  compound  showed  it  to  be  paranitrophenylcajflphoformeneamirjg 
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Analysis: 

I.  0.1737  grain  substance  gave  14.8  c.c.  11   at  761  m.m.  and 
19.50. 

II.  0.1108  gram  substance  gave  0.2772  gram  COg  and  0.0665 
gram  HgO. 

Calculated  for  Pound 

C8Hl4<^)  1      (4) 

C.    68.00  68.23 

K.     6.66  6.66 

N.     9.33  9.61 

With  alcoholic  ferrJc  chloride  no  color  reaction  is 
produced. 

On  acidification  of  the  sodium  carbonate  solution 
mentioned  above  v/ith  dilute  hyarochloric  acid  camphorox- 
alic  acid  is  deposited. 


IV.  ORTHOAI.aiTOPHElTOL . 
Orthoaminophenolhydrochloride  (5.8  gram  =  2  mole- 
cules) and  camphoroxalic  acid  (4.5  grams  =  1  molecule) 
were  heated  in  alcoholic  solution  till  crystals  began  to 
foi-m.   These  were  purified  by  recrysta,llization  from 
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ethyl  acetate,  being  deposited  in  v;ell  defined  yellow 
crystals  belonging  to  the  monoclinic  system,  melting  at 
159.50.   Analysis   of  this  compound  showed  it  to  he  the 
lactone  of  orthohydroxyphenylcaEiphofonneneaminecarhoxylic 
acid.    Analysis: 

I.  0.1277  gram  substance  gave  .0772  gram  HgO  and  0.3413 
gram  COg. 

II.  0.1871  gram  substance  gave  8.2  c.c.  IT  at  750  m.m. 
and  20°. 

Calculated  for  Found 

^CrCCOO 

72.89 
6.71 

4.85 

The  compound  is  practically  insoluble  in  water, 
readily  soluble  in  barivun  hydroxide  solution  and  slightly 
soluble  in  sodium  ca.rbonate  solution. 

This  compound  when  heated  to  290°  sublimes  into  long 
silky  yellow  needles  which  have  the  same  melting  point  as 
the  crystals  before  heating,  i.e.,  159. 5°.   On  heating  the 
compound  with  one  molecule  of  barium  oxide  to  290°  for 


coimCgK^ 

c 

72.67 

H 

6.45 

S 

4.72 
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forty-five  minutes  a  tarry  mass  v;as  formed  from  which  no 
crystals  could  "be  ohtained.   Some  of  the  compound  de- 
scribed atove  was  dissol-yed  in  aqueous  "bar itonhydr oxide 
solution  and  boiled  for  five  minutes,  then  a  little  alco- 
hol added  and  the  solution  allowed  to  stand  over  night. 
It  was  then  acidified  with  dilute  hydrochloric  acid  and 
crystals  separated.   After  washing  with  water  and  drying 
the  crystals  melt  at  155°-157°  and  on  recrystallizlng  the 
compound  once  from  ethyl  acetate  the  compound  melts  at 
159.5   showing  that  this  treatment  has  caused  no  change 
and  it  is  evidently  a  lactone. 

?/ith  alcoholic  ferric  chloride  no  color  reaction  was 
produced. 

V.  PARAI,IINOPKEi:OL. 
Paraminophenol  (5  gram  -  2  molecules)  camphoroxa,lic 
acid  (5  grams  =  1  molecule)  and  absolute  alcohol  (40  c.c.) 
were  heated  under  pressure  for  tv/o  hours  to  1050-110°.  A 
few  crystals  had  separated  on  cooling  and  a  further  lot 
were  obtained  on  concentrating  the  solution.   Recrystal- 
lized  from  alcohol  compound  is  deposited  in  feathery 
crystals,  light  yellow  in  color,  melting  at  190°  and  decom- 
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posing  when  heated  above  the  melting  point.   Analysis  of 
this  compound  showed  it  to  "be  paraminophenol  parahydroxy- 
phenylcamphofoi^olaminecarhoxylate . 
Analysis: 

I.  0.1083  gram  suhstance  gave  0.2587  gram  CO^  and  0.0708 
gram  H^O . 

II.  0.1547  gram  substance  gave  9,1  c.c.  IT  at  761  m.m.  and 
230. 

Calculated  for  Found 

^  CHO^I^OOIIH3CgH40H       I.  II. 

C8H14C  >  ' 


65.14 
7.26 

6.09 


When  the  compound  descrihed  ahove  is  heated  for  a 
short  time  with  dilute  hydrochloric  acid  the  crystals 
become  yellow  but  do  not  go  into  solution.  Purified  by 
crystallizing  from  benzene  the  compound  melts  at  178° 
vrith   decomposition.   No  analysis  was  made  of  this  com- 
pound but  from  the  mode  of  formation  and  its  properties 
it  v/ould  seem  to  be  parahydroxyphenylcamphof ormeneamine- 


^  C0NHCgK40H 

G. 

65.11 

H. 

6.83 

U. 

6.34 
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carbox^'^llc  g-cid: 

^C:CCOOH 


COITHC^H^OH 


Wnen   the  compound  just  descrilied  is  heated  ahove  its 
melting  point   carbon    dioxide    is    eliminated  and 
a  gum  ie  left  v/hich,  when  dissolved  in  benzene,  separates 
in  greyish  microscopic  crystals  softening  at  305°  and 
melting  at  314° .  From  its  mode  of  formation  this  compound 
evidently  is  parahydroxiVThenylcaF-phof ormeneamine 

^  C :  CH 

^^  C01THCgH40H 

Propylamine. 
Propylamine  and  camphoroxalic  acid  were  mixed  in  the 
proportion  of  2  molecules  of  the  amine  to  1  of  the  acid 
and  heated  in  alcoholic  solution  in  attempts  to  form  con- 
densation compounds.   A  gummy  mass  v,'as  foi^med  from,  which 
no  definite  compound  could  be  isolated.   SodiiJim  camphor- 
oxalate  was  also  tried  v/ith  propylamine  in  alcoholic  so- 
lution but  with  no  better  resvxlts. 

Paraphenylenediamin .  Metaphenylenediamine . 
Unsuccessful  attempts  to  prepare  condensation  com- 
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pounds  with  these  amines  and  camphoroxalic  acid  v;ere 
carried  out  as  follows:   the  amine  (1  molecule)  camphor- 
oxalic  acid  (1  molecule)  and  potassiiim  hydroxide  (2  mole- 
cules) were  heated  under  pressure  with  absolute  alcohol 
to  1?50°  for  5  hours.   After  freeing  the  solution  from,  the 
potassium  chloride  formed  it  was  attempted  to  purify  the 
crj'-stals  separating  from  the  alcohol  by  using  various 
solvents,  "but  they  v^ere  contaminated  v;-ith  inorganic  mat- 
ter from  which  they  could  not  he  freed,  nor  could  a 
definite  melting  point  he  found  and  no  concordant  analysis 
be  made. 
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SECOimARY  MOTES . 
VI.  DIAJ.ffLAJTIEE . 
Diamylamine  (7  grains  =  2  molecules)  and  camphor  oxalic 
acid  (5  grams  =  1  molecule)  were  heated  in  ahsolute  alco- 
hol solution  on  the  v^rater  hath.   On  cooling  crystals  v;ere 
deposited  which  v/ere  found  to  he  readily  soluble  in 
methyl  and  ethyl  alcohols,  ethyl  acetate,  acetone,  ether 
and  tenzene .      The  com-pound  was  purified  by  recrystallizing 
from  acetone,  separating  in  white  microscopic  crystals 
melting  at  160°.   Dissolved  in  alcohol  and  ferric  chloride 
added  a  violet  color  is  produced.   The  compound  dissolves 
in  sodium  bicarbonate  solution  with  evolution  of  gas. 
Analysis  showed  the  compound  to  be  diamylcajophof ormol- 
aminecarboxylic  acid. 
Analysis: 

I.  0.1717  gram  substance  gave  0.4360  gram  COg  and  0.1644 
grain  HgO. 

II.  0.2912  gram  substance  gave  9.4  c.c.  B"  at  762  m.m. 
and  24°. 

Calculated  for  Pound. 

^  CHCOl^COOH  I .  II . 

^C01^r(c^H3_^)2 
C.  69.23  69.41 
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H.         10.30  10.66 

U.  3.68  3.54 

Diamylairlne  and  camphor  oxalic  acid  were  also  "brought  to- 
gether lender  the  following  conditions:  cair5)hor oxalic 
acid  (2  grams  =  1  molecule)  was  dissolved  in  alcohol  and 
to  this  added  a  nearly  sufficient  amount  of  potassium 
hydroxide  to  neutralize  it.   Then  diamylamine  (1.4  grams  - 
1  molecule)  v/as  added  and  the  solution  concentrated. 
Then  the  solution  v/as  rendered  barely  acid  with  dilute 
hydrochloric  acid.   Then  the  crystals  v/hich  formed  were 
recrystallized  from  acetone  and  were  found  to  be  identical 
with  the  compound  described  above. 

When  this  ccmpound  is  heated  above  its  melting  point 
in  a  tube  connected  v/ith  a  tube  containing  baryta  water 
carbon  dioxide   is  given  off  as  is  shown  by  the  formation 
of  barium  carbonate.  Water  is  also  eliminated. 

The  gum  was  treated  v/ith  benzene  and  ligroin  and 
crystals  were  deposited.   Recrystallized  from  acetone  and 
then  from  ethyl  acetate  v/hite  plates  are  deposited  melting 
at  43°.   Could  not  get  the  compound  in  a  very  pure  condi- 
tion.  Analysis  indicated  that  it  was  diamylcamphof ormene- 
amine. 
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Analysis: - 
0.1715  gram  sutstance  gave  6.4  c.c.  ¥  at  753  m.m.  and 
24°. 

Calculated  for  Pound. 

^  C :  CH 
^C0l!T(C5H^^)2lT    4.40  4.04 


VII.  DIISOAJIYLAJmtE. 
Diisoamylamine  (3.2  grams  -  2  molecules)  and  cam- 
phoroxalic  acid  were  dissolved  in  alcohol  and  heated  till 
nearly  all  the  solvent  was  evaporated.    Ligroin  was 
then  added  to  the  mixture  and  on  standing  crysta.ls  sep- 
arated.  These  were  purified  by  recrystallization  from 
acetone,  "being  deposited  in  white  microscopic  crystals 
melting  at  156°.   Dissolved  in  alcohol  and  ferric  chloride 
added  a  violet  color  is  produced.   The  compound  dissolves 
in  aqueous  sodii;an  bicarbonate  solution  with  evolution  of 
gas.   Analysis  showed  the  compound  to  be  diisoamylcam- 
phoformolaminecarboxylic  acid. 

Analysis: 
0.1917  gram  substance  gave  6.4  c.c.  N  at  760  m.m.  and  25o. 
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Calculated  for  Pound 

^  CHGt)H)COOH 
C8Hl4<^/     I 

^C0N(C5Hii)2 

U  3.68  3.62 

When  the  ahove  compound  is  heated  above  its  melting 

point  water  and  carbon  dioxide  are  eliminated  and  a  gummy 

mass  is  left  in  the  tube.   The  compound  was  purified  by 

recrystallizing  from  ethyl  acetate^  being  deposited  in 

whitish  not  well  defined  crystals  melting  at  40°.  With 

alcoholic  ferric  chloride  no  color  reaction  is  produced. 

Analysis  showed  this  compound  to  be  di i soainylcamphof or- 

raenearaine. 

Analysis: 

0.1400  gram  substance  gave  5.4  c.c.  H  at  757  m.ra.  and  25°. 

Calculated  for  Found 

C:CH 
C8Hl4<'  » 

N        4.40  4.17 


VI H  .   DI  I SOEUT YLAin  m, . 
Diisobutylamine  (2.9  grams  =  1  molecule)  and  camphor- 
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oxalic  acid  (5  grains  -  1  molecule)  were  dissolved  in  al3- 
solute  ethyl  alcohol  and  heated  on  the  water  bath  for  fif- 
teen minutes.   On  cooling  crystals  were  deposited.   These 
were  purified  hy  recrystallization  fron  ethyl  acetate  and 
separates  in  glistening  v/hite  needles  which  melt  at  179°- 
180°  with  evolution  of  gas.  With  alcoholic  ferric  chloride 
the  violet  color,  characteristic  of  the  enol  grouping, 
is  produced.   Analysis  of  this  compound  showed  it  to  he 
dllsohutylcamphoiormolaminecarboxylic  acid. 

Analysis: 
0.2078  gram  substance  gave  7.4  c.c.  N  at  780  m.m.  and 
210. 

Calculated  for  Found 

^  CHODl^COOH 

C8H14-C1   '     I 

^C0¥(C4H3)2 

N  3.97  4.08 

When  this  compound  is  heated  above  its  melting  point 
water  and  carbon  dioxide  are  eliminated  and  a  gum  is  left. 
This  is  purified  by  dissolving  in  acetone,  being  deposited 
in  white  plates  melting  at  730-74°.   With  alcoholic  ferric 
chloride  no  color  reaction  is  produced.   Analysis  showed 
this  compound  to  be  diisobutylcamphof ormeneamine. 
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Analysis: 
0.1043  gran  substance  gave  4.4  c.c.  U  at  750  m.ra.  and  24° 

Calculated  for  Found 

/  C:CH 


^8^14^  '  ' 

^-  C01T(C4Hq)2 

IT  4.81  4.61 

IX.   LI3E:TZYLA},nKE. 

Dibenzylanine  (4  graris  ■  1  molecule)  camphor  oxalic 
acid  (4,6  grams  »  1  molecule)  and  absolute  ethyl  alcohol 
(30  cubic  centimeters)  v;ere  heated  under  pressure  to  130° 
for  three  hours,  the  air  in  the  tube  being  replaced  with 
coal  gas.  Pressure  was  noticed  in  the  tube  on  opening. 
Crystals  separated  on  agitating  the  solution.   These  were 
purified  by  recrystallizing  from  ethyl  acetate  and  then 
from  alcohol.   Compound  is  deposited  in  small  glistening 
white  crystals  melting  at  152°. 

With  alcoholic  ferric  chloride  no  color  is  produced. 

Analysis  showed  this  compound  to  be  dibenzylcampho- 
f ormeneamine. 

Analysis: 
I.   0.1531  gram  substance  gave  0.4690  gram  COg  and  0.1182 
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gram  HgO, 
II.      0.1989  gram  suTostance   gave   7.0   c.c.   IT  at    763  m.m. 
and  250. 

Calculated  for  Found 

^C:CH 
^C0:T(C5H5CH2)2 

C.        83.56  83.54 

H.        8.07  8.57 

IT.        3.90  3.83 

X.   METHYIiAJJILIlffi . 

llethlyaniline  (4.3  grams  ■  1  molecule)  camphor  oxalic 
acid  (9  grains  =lmolecule)  and  benzene  (50  cubic  centi- 
meters) ViTere  heated  under  pressure  to  120°  for  five  hours. 
Upon  evaporating  the  excess  of  beniiene  a  gxmmy   mass  re- 
sulted from  which  no  cr3'"stals  could  be  separated  by  the 
use  of  various  solvent;^  it  alv/ays  separating  from  solution 
as  a  gum.    This  gum  was  treated  v;ith  an  aqueous  sodivim 
carbonate  solution  and  then  extracting  this  v/ith  ether. 
Upon  acidifying  the  carbonate  solution  v/ith  dilute  hydro- 
chloric acid  free  camphoroxalic  acid  was  precipitated. 

Upon  evaporating  the  ether  crystals  are  deposited. 


49 


Compound  v/as  purified  Toy  recrystallization  from  ethyl 
acetate,  separating  in  slightly  yellow  tetrahedral  crys- 
tals melting  at  126°.   V/ith  alcoholic  ferric  chloride  no 
color  is  produced.   Analysis  of  this  compound  showed  it 
to  "be  phenylmethylcamphoforraeneamine . 

Analysis: 

I.  0.1053  graai    substance   gave   0.3099   graia  CO2  and  0.0864 
gram  KgO . 

II.  0.1102  grajn  substance  gave   5.3   c.c.   II  at    770  m.m.    and 
24<^. 

Calculated  for  Found 

^^C:CH 
''""""^Coi/CeHs  I.  II. 


CH3 


C.  80.23  80.26 

H.  8.61  8.92 

U.  5.21  5.33 

XI.   ETHYLAITILIKE. 
Ethylaniline  (2.15  gram  =  1  molecule)  camphoroxalic 
acid  (4  grams  =  1  molecule)  and  benzene  (40  cubic  centi- 
meters) were  heated  under  pressure  to  120°  for  five  hours. 
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About  half  the  benzene  was  then  evaporated  and  ligroin 
added  to  the  solution.   On  standing  a  goxa   was  deposited. 
This  was  then  treated  with  sodium  carbonate  solution  and 
extracted  with  ether.  Wnen   the  carbonate  solution  v;as 
acidified  with  dilute  hydrochloric  acid  camphoroxalic 
acid  was  precipitated. 

Upon  evaporating  the  ether  solution  a  liquid  was 
left  and  as  it  could  not  be  induced  to  form  crystals  this 
was  finally  distilled  under  diminished  pressure.   Two 
fractions  were  obtained:  the  first  boiling  at  140°-1450 
under  110  m.ra.  pressure  was  found  to  be  ethylaniline.   The 
second  fraction  boiled  at  285°  under  110  m.m.  and  is  a 
deep  yellow  viscous  liquid.   Analysis  showed  this  to  be 
phenylethylcamphof ormeneamine . 

Analysis: 

I.  0.2247  gram  substance  gave  0.5580  gram  CO2  and  0.1B04 
gran  HgO . 

II.  0.2253  gram  substance  gave  10.4  c.c.  U  at  770  m.m. 
and  24.5°. 

Calculated  for  Found 

^  C:CH 

CON  ^  ^6-"5 
"^C2H5 
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I  II 

C.     80.50  79.86 

H.      8.89  8.92 

N.      4.95  5.10 

With  alcoholic  ferric  chloride  no  color  reaction  is  pro- 
duced. 

XII.   BENZYLETHYLAH/CENE . 
Benzylethylaniine  (4.5  grams  -  l.l/2  molecules)  and 
caraphoroxalic  acid  (5  grams  »  1  molecule)  were  mixed  and 
heated  in  absolute  ethyl  alcohol  on  the  water  hath  for 
fifteen  minutes.   On  cooling  crystals  were  deposited. 
These  were  purified  "by  recrystallizing  from  ethyl  acetate, 
being  deposited  in  fine  white  flocculent  crystals  melting 
at  158°  with  evolution  of  gas.  With  alcoholic  ferric 
chloride  a  violet  color  is  produced.   The  compound  dis- 
solves in  sodium  bicarbonate  solution  Vi^ith  evolution  of 
gas.   Analysis  shov/ed  this  ccmpound  to  be  benzylethylcam- 
phoformolaminecarboxylic  acid. 

Analysis: 
I.   0.1329  gram  substance  gave  0.3423  graan  COg  and  0.1007 
gram  HgO. 
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II.      0.1506   gram  substance  gave   5.5   c.c,   E"  at   758  m.m.    and 
24°. 

Calculated  for  Pound 

^  CHCO^fcOOH  I  II 

C01T.C.H^.CH2 

\ 

^2^5 
C.  70.13  70.24 

H.  8.13  8.42 

N.  3.89  3.99 

When  this  compound  is  heated  above  its  melting  point 
in  a  tube  connected  v/ith  a  tube  containing  baryta  v/ater 
carbon  dioxide  is  eliminated  as  is  shown  by  the  formation 
of  barium  carbonate.   Water  also  is  given  off.   After  cool- 
ing a  yellow  gum  was  left.   As  no  crystals  could  be  sep- 
arated by  use  of  ordinary  solvents  this  gum  was  treated 
with  sodium  carbonate  and  extracted  with  ether.   A  yellow 
oil  was  left  after  evaporating  the  ether.   This  solidi- 
fied on  standing.   Redissolved  in  alcohol  white  crystals 
are  deposited  v;hich  melt  at  57*^.   With  ferric  chloride  no 
color  reaction  is  produced.   Analysis  showed  this  to  be 
benzylethylcamphof ormeneamine . 
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Analysis : 
0.1867  graj^i  substance  gave  7.7  c.c.  IT  at  760  m.m.  and 
230. 

Calculated  for  T'ound 

^  C :  CE 


CsHl4v^^  I  I 


CON^ 


N         4.72  4.54 

XI 11 .   ACETYLPHEiri'LHYDRAZnTE  . 
Acetj'-lph.enylhydrazine  (4,5  graras  =  1  ciolecule) 
camplioroxalic  acid  (6.75  grams  »  1  molecule)  and  benzene 
(30  cubic  centimeters)  were  heated  under  pressure  at 
140°-145o  for  fourteen  hours.   Considerable  pressure  v/as 
noticed  v^hien  the  tube  was  opened.   A  tarry  mass  was 
formed  on  evaporating  the  benzene.   As  no  crystals  could 
be  separated  by  the  use  of  various  solvents  the  tar  was 
treated  with  sodium  carbonate.   The  part  insoluble  in  the 
carbonate  solution  v/as  dissolved  in  benzene  and  ligroin 
added.  On  standing  for  several  days  crystals  v^ere  deposit- 
ed.  These  were  recrystallized  from  ethylacetate  several 
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times  and  then  from  ethyl  alcohol  as  the  last  traces  of 
impurity  vere  difficult  to  remove.   Compound  is  deposited 
from  alcohol  in  white  needles  melting  at  174^.  With  al- 
coholic ferric  chloride  no  color  reaction  is  produced. 
Analysis  showed  it  to  "be  acetylphenylaminecamphof ormene- 
amine . 

Analysis: 

I.  0.1110  gram  substance  gave  0.2970  gram  CO2  and  0.0824 
gram  H2O. 

II.  0.1074  gram  substance  gave  9.1  c.c.  IT  at  758  m.m. 
and  24^'. 

Calculated  for  Found 

C:CH 

.  ^8"l4v 

\(  \    /NH.C^Hs  I.  II. 

CON  <^ 

^COCHs 


72.97 
8.24 

9.24 


Some  of  this  compound  was  heated  v/ith  potassium  hydroxide 
solution  for  three  hours  and  then  allowed  to  stand  for 


c. 

73.07 

H. 

7.68 

N. 

8.97 
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forty  hours  at   room  temperature.   The  solution  was  then 
made  acid  with  hydrochloric  acid  and  extracted  v/ith 
ether.   The  crystals  deposited  from  the  ether  solution 
were  found  to  be  unchanged  material. 

The  compound  was  then  heated  v/ith  somevv-hat  dilute 
hydrochloric  acid,  2  parts  concentrated  acid  to  1  part 
water,  for  three  hours  and  allov/ed  to  stand  at  room  tem- 
perature for  forty  hours.   The  solution  was  then  dilut- 
ed v.'ith  water  and  extracted  with  ether.   From  the  ether 
solution  crystals  are  deposited.   They  were  recrystal- 
lized  from  acetone  and  came  down  in  glistening  white 
plates  melting  at  135°  hut  not  sharply.   The  compound  did 
not  seem  to  be  pure  and  no  concordant  analyses  could  be 
obtained. 
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SECOITDARY  AJIIIIES  WITH  V/HICH  iTO   COKDENSATION  COl'CPOUHDS 

Y/ERE  FORMED. 

The    follov.lng     acyl  deinvatives   of   ortho   and  ^ara.- 

minophenol--paranltro'benzoylparaminoph.enol,    diparanitro- 

benzoylparaminophenol ,   metanitrobenzoylparaminophenol, 

dimetanltr obenzoylparaminophenol ,    paranltrol)enzoylortho- 

aniinophenol,    diparanitro"ben2oylorth.oan)inophenol,   met  a- 

(1) 
nitro"benzoylQrth.oaminophenol,      dimetanitrobenzoylortho- 

_amlnophenol .  phenyl 3ulphoner^araralnj3jj}i.eno  ,phenylsulphone - 

orthoaminophenol,  and  diphenylsulphoneorthoaminophenol  v/ere 

heated  under  pressure  in  henzene   solution  v;ith  camphorox- 

alic  acid  to  temperatures  varying  from  165"^  to  175°,  "being 

maintained  at  these  temperatures  for  several  hours,  "but 

in  no  case  was  there  any  reaction. 

Paracetoaminophenol  was  also  heated  under  pressure  in 
"benzene  solution  with  camphoroxalic  acid  to  150°  but  no 
reaction  took  place. 

Benzoylphenylhydrazine  and  camphoroxalic  acid  were 
heated  in  benzene  solution  to  150°  under  pressure  and  a 


(1)   This  compound  was  first  prepared  by  Ransom.  Diss.  TTniv 
Chicago  1900.  P.  28. 
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tarry  mass  was  formed.   This  was  treated  with  sodium  car- 
"bonate  and  the  insoluble  part  treated  with  various  solvents 
but  no  definite  compound  could  be  isolated.   On  acidifying 
the  sodium  carbonate  solution  with  dilute  hydrochloric 
acid  a  sioall  amount  of  camphoroxalic  acid  separated, 

Benzylphenyihydrazine  and  camphoroxalic  acid  were 
heated  in  benzene  solution  to  140°.  A  gum  formed  and  this 
was  treated  as  ivas  the  gum  from  benzoylphenylhydrazine  but 
no  definite  compound  could  be  obtained, 

Benzylmethylamine  and  camphoroxalic  acid  ..ere  mixed 
and  heated  in  absolute  ethyl  alcohol  solution  for  a  short 
time.   The  alcohol  was  then  evaporated  and  a  gummy  mass  was 
formed  from  which  no  definite  compound  could  be  separated, 

Phenylmethylhydrazine  and  camphoroxalic  acid  were  mix- 
ed and  heated  for  a  short  time  in  absolute  metiiyl  alcohol. 
The  solvent  was  evaporated  slowly  and  a  gu^a  was  left.   This 
was  treated  with  various  solvents  but  could  separate  noth- 
ing from  the  gum.   This  gum  was  treated  with  sodium  carbon- 
ate and  extracted  with  ether.   A  gum  was  obtained  from  the 
ether  solution  but  no  aefinite  compound  was  isolated.  The 
sodium  carbonate  solution  was  acidified  with  dilute  hydro- 
chlorio  acid  and  some  camphoroxalic  acid  separated. 
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Benzylaniline  and.  camphor-oxalic  acid  were  mixed  and 

heated  in  benzene  solution  for  an  hour  and  then  the  ben-ene 

evaporated  gradually.  A  viscid  liquid  was  left  from  which 

no  definite  compound  could  be  separated.   This  was  then 

treated  with  sodium  carbonate  and.  extracted  with  ether. 

Benzylaniline  was  left  on  evaporating  the  ether  and  from 

the  sodium  carbonate  solution  camphoroxalic  acid  separated 

on  acidifying  the  solution  with  dilute  hydrochloric  acid. 

Perhaps  by  distilling  tr^e  viscid  liquid  referred  to  above 

dirainished 
under  pressure  a  definite  compound  might  have  been  isolated 

but  this  was  not  tried  for  want  of  time. 

Phenyl  /l^, naphthylamine  and  camphoroxalic  acid  were 
>d  in  benzene  solution  ur 
reaction  whatever  took  place, 

Paraphenylhydr gz ine su Iphon i c  acid  and  camphoroxalic 
acid  were  heated  under  pressure  in  benzene  solution  to 
175°,  but  the  compounds  were  recovered  unchanged. 
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TERTIARY  AMIITES  . 
XIY.  Trimethylaaiine . 

Trimethylamine  hydrochloride  (4  grams  -  1  molecule  was 
dissolved  in  aTDsolute  aaethyl  alcohol.   To  tliis  was  added 
potassium  hydroxide  (2.35  gram  -  1  molecule),  also  in  ab- 
solute methyl  alcohol  solution,  to  liberate  the  base.  The 
potassium  chloride  was  separated  and  to  the  solution 
camphoroxalic  acid  (9.5  gram  -  1  molecule  was  added,   v/ith- 
out  further  heating  the  alcohol  was  evaporated  over  sul- 
phuric acid  in  a  vacuum  dessicator.   The  resulting  compound 
was  purified  by  crystallization  from  benzene  being  depos- 
ited in  white  microscopic  crystals  melting  at  139°-  140° 
and  give  off  gas  on  melting.  With  alcoholic  ferric  chloride 
a  violet  color  is  produced.   The  compound  dissolves  in 
aqueous  sodium  bicarbonate  solution  with  evolution  of  gas. 
Analysis  showed  the  compound  to  be  t r i me t hy Ic ampho f orMO 1 - 
amine carboxylate . 

Analysis: 
0.  1833  gram  substance  gave  7.9  c.c.  N  at  771  ra.m.  and  24.5 
Calculated  for  Pound. 

^C:C(OH)COOIIH(CHj,)^ 

CO 
'^   4.95  4.77 
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When  the  above  compound  is  heated  above  its  melting- 
point  to  form  a  camphoformeneamine  derivative  a  gum  is 
formed  from  which  it  was  impossible  to  isolate  a  crystal- 
line compound, 

XV .   TRIETHYLAMIl^-E^ 
Tr ie thylamine  (2  grams  -  1  molecule)  camphoroxalic 
acid  (3.3  grams  -  1  molecule)  and  potassium  hydroxide  (0.8 
grara  -  1  molecule)  were  mixed  and  heated  in  absolute  ethyl 
alcohol,   A  precipitate  was  formed  and  this  was  separated 
from  the  solution^  being  potassium  chloride.   The  solution 
was  then  concentrated  and  the  resulting  compound  was  dissolv- 
ed in  benzene  and  ligroin  added.   On  standing,  crystals 
separated.   These  were  recrystallized  several  times  from 
benzene , being  deposited  in  small  white  needles  melting  at 
102°-  103°,  With  alcoholic  ferric  chloride  a  violet  color 
is  produced.   The  compound  dissolves  in  aqueous  sodium  bi- 
carbonate solution  with  the  evolution  of  gas.  As  the  yield 
here  was  small  the  reaction  v*as  repeated^  conditions  sim- 
ilar to  those  with  trimethyl  amine  (vide  -.  59)  being  em- 
ployed and  the  yield  was  very  good.  Analysis  of  this  com- 
pound showed  it  to  be  triethylcamphoformolaminecarboxylate. 
Analysis:   0,1702  gram  compound  gave  6.6  c.c.  N  at  767  m.m. 
and  23.5 
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Calculated  for  Found 


C:C(OH)COOITH(CjH^)_j, 


^/"/a\( 


Co 

N    4.31  4.27 


Vnen   this  compound  is  heated  above  its  melting-point 
a  gummy  mass  is  formed  which,  when  dissolved  in  ethylace- 
tate,  deposits  crystals,  but  these  could  not  be  obtained 
with  a  definite  melting-point  ,  nor  could  correct  analyses 
be  made. 


_X7I.   BEHZALANILINE. 

Benzalaniline  (4  grams  -  1  molecule)  camphoroxalic 
acid  (5  grams  -  1  molecule)  and  absolute  alcohol  (30  cubic 
centimetres)  were  heated  under  pressure  to  120  for  two 
hours.   On  evaporating  the  alcohol  a  gummy  mass  was  left, 
but  when  this  was  dissolved  in  benzene  and  ligroin  added  •. 
crystals  separated.   These  were  purified  by  recrystalliza- 
tion  from  benzene^  separating  as  yellow  microscopic  crystals 
lelting  at  174^.   Analysis  showed  t} 
ylcamphof ormeneaminecarboxylic  acid . 

Analysis . 
I.    0.1035  gram  niibstanr'*»  gave  0.2740  gram  CO^  and  0.0734 

gram  H^O. 
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II.   0.1807  gram  substance  gave  7.8  c.c.  11  at  762  m.m. 
and  22° . 
Calculated  for  Found. 

C:C  COOH  I.         II. 

CO  NHC^H^. 
C        72,24  72.20 

H         7.02  7.87 

N        4.68  4.79 

This  compound  was  found  to  be  identical  with  that  pre- 
(1) 
pared  hy   J.  Bishop  Tingle   from  aniline  and  camphoroxalic 

acid.   Comparative  melting-points  were  made  on  the  compound 

from  benzalaniline  and  aniline  by  using  three  capillary 

tubes,  one  containing  the  compound  from  benzalaniline,  and 

one      from  aniixne,  fcirid  the  third  a  mixture  of  the  two.   The 

three  tubes  were  heated  at  once  and  the  substance  in  all 

melted  at  the  same  point,  namely,  174°, 

It  IB  evident  that,  under  the  conditions  employed,  ben- 

alaniline  ■  is  not  a  stable  coiupound,  but  splits  up  and  the 

aniline  part  of  the  compound  is  joined  to  the  camphoroxalic 

acid  while  the  atom  of  oxygen,  which  tlie  camphoroxalic  acid 

loses,  joins  itself  to  the  residue  of  the  benzale^niline 

forming  benzaldehyde . 

(1)   Amer.  Chem.  Jour.  21,  238  (1899). 
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Another  attempt  to  aiake  a  condensation  product  from 
camphoroxalic  acid  and  tenzalaniline  different  from  the 
one  described  above  was  as  follows: 

Benzal  aniline  (5.5  grams  -  1,  1/2  molecules)  sodium 
camphoroxalate  (5  grams  -  1  molecule)  and  40  c.c.  anhydrous 
benzene  (the  ben^.ene  having  been  dried  over  sodium)  v;ere 
heated  under  pressure  for  four  houjr's  at  105°-  108°.  When 
the  benzene  v/as  evaporated  in  a  vacuum  dessicator  over  sul- 
phuric acid  a  gummy  mass  was  left.  As   no  crystals  could  be 
separated  by  dissolving  the  mass  in  ordinary  solvents  it  was 
dissolved  in  alcohol  and  sufficient  dilute  acetic  acid  to 
render  tlie  solution  acid  was  added.  After  being  freed  from 
the  sodium,  acetate  the  solution  was  concentrated  and  a  gxirn 
was  formed.   This  was  dissolved  in  benzene  and  sodium  car- 
bonate added.   On  acidifying  the  sodium  carbonate  solution 
with  dilute  hydrochloric  adid  a  yellow  precipitate  was 
formed.   This  was  purified  by  recrystalllzing  from  benzene 
and  was  found  to  be  identical  with  the  compound  described 
above  (vide  p.  62)  . 

XVII.   QUINIFE. 

Quinine  (5  grams  -  1  molecule)  and  cainphoroxalic  acid 
(4  grams  -  1  molecule)  were  dissolved  in  benzene.   The  so- 
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lution  was  then  allowed  to  remain  at  ordinary  temperature 
for  twenty-four  houns.   Crystals  had  separated.   These  were 
purified  by  crystallization  froja  either)  being  deposited  as 
white  microscopic  crysts.ls  melting  at  160°-  161  with  evolu- 
tion of  gas.   With  alcoholic  ferric  chloride  a  violetcolor 
is  produced.  Analysis  showed  the  compound  to  be  quininecam- 
phoformolamincarbo:cylate  and  that  the  quinine  had  formed 
a  salt  with  camphoroxalic  acid. 
Anal3'-sis:  - 

I.  0.1403  gram  substance  gave  0.3605  gram  C0_^  and  0.0951 
gram  H^^O. 

II,  0,2028  gram  substance  gave  9,2  c.c.  m  at  755  m.m.  and 
25, 5^ 

Calculated  for  Found. 

.C:C(0H)C001THC^^H^^^0_^N  I.       II. 


f   li^- 


■co 

C,       70.02  70.07 

H        7.35  7.53 

N.        5.12  4.8f 

When  the  ebove  compound  is  heated  above  its  melting- 
point  a  gum  is  formed  from  which  no  crystals  could  be  ob- 
tained. This  gum  v.as  treated  with  an  aqueous  sodium  car- 
bonate  solution  and  e>;tracted  with  ether,   Free  quinine 
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was  obtained  from  the  ether  solution  and  on  acidifying  the 
sodium  carbonate  solution  with  dilute  hydrochloric  acid 
camphoroxalic  acid  separated. 

XVIII.   STRYCroilNE. 

Strychnine  (5  grams  -  1  molecule)  and  camphoroxalic 
acid  (3,4  grams  -  1  molecule)  were  dissolved  in  "benzene  and 
allowed  to  stand  at  room  temperature  for  eighteen  hours. 
Crystals  were  formed  and  these  v/ere  purified  by  recrystal- 
lization  from  ethyl  acetate,  being  deposited  as  small  white 
needles  melting  at  214°-  215°  with  evolution  of  gas.   With 
e.lcoholic  ferric  chloride  a  violet  color  is  produced.  An- 
alysis showed  this  compound  to  be  ^trychninecamphof ormol- 
amin  ec  arboxy  la  t  e  and  that  it  crystallines  with  1/2  molecule 
ethyl  acetate. 

Analysis: - 

I.  0.2420   gram  compound   gave  0.6147   grgun  CO_j    and  0.1556 
gram  H^O. 

II.  0.1884  gram  compound  gave  7.8  c.c.  N  at  763  m.m. 
and  23.5°. 

III.  0,7691  gram  compound  lost  0.0513  gram  on  heating  to 
104°. 
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Calculated   for 


C  70.91  6P.10 

n  r,  .85  7.18 

N  5.02  4.75 

Pound 
I  II. 

C  69.27 

H  7.14 

N  4.62 


Calci-lated   for  Poimd 

1/2   C   11^  COOC^H_^.  III. 

6.79   -^  6.67  f. 

Wl.en  the  corrxpoi.nd  descr-ibed  above  is  heated  above  it 
melting-point  the  odor  of  camphor  is  qiute  noticeable  on 
opening  the  tube  and  a  gi:m  is  left  froifl  .hich  no  crystal- 
line compound  could  be  isolated. 


XIX  .   BRUCIiTE . 
With  brucine  and  camphorojtalic  acid  it  was  attempted  to 
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obtain  two  isomeric  compounds  and  with  this  end  in  view  the 
reaction  was  carried  out  as  follows: 

Brucine  (2.5  grams  -  1/2  molecule  was  dissolved  in  hot  ben- 
zene.  To  this  camphor  oxalic  acid  (2.8  grams  -  1  molecule) 
was  added.  The  solution  was  allowed  to  cool  and  crystals 
were  soon  deposited.   These  were  filtered  off  and  to  the  so- 
lution brucine  (2.5  grams  -  1  molecule)  v/as  added.   The  so- 
lution was  heated  to  dissolve  the  brucine  and  v/hen  the  so- 
lution had  cooled  crystals  were  formed.  These  were  sepa- 
rated and  v/ere  found  to  be  identical  with  the  first  lot. 
The  compound  was  purified  by  crystallization  from  alcohol, 
being  deposited  in  small  glistening  white  plates  melting  at 
235°-  236°  with  evolution  of  gas.   The  substance  gives  a 
violet  color  v;itli  alcoholic  ferric  chloride.  Analysis  of 
the  compound  showed  it  to  be  br u c i n e c ampho f o riria ^sminec&r - 
boxylate. 

Analysis :- 
0.1822  gram  substance  gave  7.7  cell  at  764  m.m.  and  24,5°. 
Calculated  for  Pound. 

C :  aOI^C 001IHC^_^ Kj^ 0- N 
^  CO 
N     4.54  4.63 

This  shoY/s  that  brucine  as  well  as  i^uinine  and  strychnine 
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readily  form  salts  with  camphor oxalic  acid  and  that,  under 
the  conditions  employed  no  isomeric  compounds  are  found. 

When  the  compound  described  above  is  heated  above  its 
melting-point  water  and  carbondioxide  are  given  off  and  the 
odor  of  camphor  is  very  pronounced.  A  gummy  mass  is  left 
in  the  tube  from  which  no  crybtals  could  be  isolated.   The 
gum  was  finally  treated  with  a  dilute  sodium  carbonate  solu- 
tion and  extracted  with  ether,  A  very  small  amount  of  mate- 
rial was  dissolved  in  the  ether.   Some  material  which  did 
not  dissolve  in  the  carbonate  solution  was  recrystallized  and 
found  to  be  impure  brucine.  On  acidifying  the  carbonate 
solution;  with  dilute  hydrochloric  acid  a  small  amount  of 
camphoroxalic  acid  separated.   The  compound  had  decomposed 
under  the  conditions  of  the  heating  and  subsequent  treat- 
ment , 

PIPERINE. 

Piperine  (7.1  gram  -  1  molecule)  and  camphoroxalic 
acid  (6,7  grams  -  1  molecule)  and  benzene  (60  cubic  centi- 
metres) were  heated  under  pressure  to  165  for  five  hours. 
Some  crystals  had  separated  v/hen  the  bomb  was  opened. 

These  were  recrystallized  from  alcohol  ana  were  depos- 
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ited  in  light  yellow  needles  melting  at  217°  with  previous 
softening  at  210°.   The  color,  form,  and  melting -point  of 
these  crystals  correspond  exactly  with  those  of  pipinic 
acid. 

On  concentrating  the  solution  from  the  bomb,  crystals 
were  deposited.   These  were  recrystallized  from  alcohol 
and  were  found  to  be  unchanged  piper ine. 

An  analysis  for  N  vi/as  made  on  the  compound  present 
on  opening  the  bomb  before  its  nature  was  knovm,  and  as 
would  be  e>;pected,  from  the  statements  in  regard  to  this 
compound,  no  nitrogen  was  obtained. 

The  piper ic  acid  was  formed  in  very  small  quantity. 
Its  formation  can  perhaps  be  explained  as  follov/s:  the 
small  amount  of  moisture  present  in  the  benzene,  the  cam- 
phoroxalic  acid  and  the  pressui^e  flask  caused  hydrolysis  of 
the  piperine  at  the  high  temperature  to  which  it  was  heated 
and  piper ic  acid  was  formed. 


TRI BENZYL AJHNE . 
Tribenzylamine  and  camphoroxalic  acid  vvei-e  seated  in 
alcoholic  solution  on  the  water-bath  and  a  gum  was  formed 
from  which  I  was  unable  to  isolate  a  crystalline  compound 
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with  a  definite  melting-point.   A  semi -crystalline  mass  was 
separated  from  tlie  gum  ,      out  it  could  not  be  obtained 
in  a  pure  condition.   On  treating  this  /ith  sodium  carbon- 
ate and  extracting  with  ether  free  tribenzylamine  was  ob- 
tained from  the  ethereal  solution.   The  sodiumblcarbonate 
solution  was  acidified  with  dilute  hydrochloric  acid  and 
camphorpxalic  acid   separa^ted.  showing   that  tlie  treatment 
with  carbonate  had  decomposed  the  semi  crystalline  mass. 


TETRAETHYLAMMONITTM  HYDRATE. 
Tetraethylammonium  hydrate,  10  %   aqueous  solution  and 
camphoroxalic  acid  were  mixed  in  95  ;o  alcohol  and  heated 
for  a  short  time.   The  alcohol  was  allowed  to  evaporate 
spontaneously  and  the  iriass  which  was  left  was  crystallized 
from  benzene,  being  deposited  in  glistening  white  needles. 
These  give  a  violet  color  with  ferric  chloride.  Attempts 
vt^ere  made  t©  analyze  this  compound,  but  it  decomposes  so 
easily  that  no  concordant  analysis  could  be  made. 


II 


ACYL  EERIVATIVyP   0^   ORTHO-AKD 
PARAIsHNOPHEEOL  . 


ACYL  DERIVATIVES  OP  ORTHO-AED  PARAMI FO PHENOL , 


A  study  of  the  literature  relating  to  ortho-  and  par- 
aminophenol  and  a  considerable  nvuiber   of  their  acyl  deriv- 
atives shows  that  the  recorded  methods  of  preparing  some  of 
their  compounds  are  not  alv/ays  consistent  with  each  other. 
I  have  found  that  in  certain  cases  it  was  advisable  to  mod- 
ify a  published  procedi;re  in  order  to  obtain  a  good  yield 
and  that  the  properties  of  several  of  my  products  differ 
from  those  given  in  the  literature.  Lloreover,  I  have  syn- 
thesized a  number  of  acyl  derivatives  which  have  not  hith- 
erto been  described. 

The  first  step  in  my  work  was  the  conversion  of  ortho- 

and  paranitroihenol  into  the  corresponding  moncacetylamino- 

phenols.   Of  the  methods  which  have  been  suggested  for  this 

(1) 
purpose  that  of  Morse,  which  consists  in  reducing  the  ni- 

trojjhenols  by  means  of  acetic  acid  and  tin,  appeared  to  be 

(2) 
the  most  convenient,  but  Zincke  and  Hebebrand  state  that  it 

failed  to  give  them  the  desired  compounds.   Professor  Morse 
informs  me  that  he  has  received,  in  private  communications, 
similar  statements  from  other  chemists,  but  that  in  the  hands 
of  some  workers  the  method  has  given  complete  satisfaction. 
He  suggested  that  these  conflicting  experiences  might  be  ac- 
counted for  by  variation  in  the  concentration  of  the  acetic 


(1)  Ber.  d.  chem.  Ges.,  II.,  232 

(2)  Ann.  Chem.  (LiebiK)  226.  69. 


acid  which  was  employed  and  that  the  best  results  v^ould  he 
obtained  by  the  use  of  absolutely  anhydrous  acetic  acid. 
Accordingly,  I  titrated  some  of  the  best  glacial  acetic 
acid  obtainable  and  added  to  it  recently  distilled  acetic 
anhydride,  in  quantity  exactly  sufficient  to  raise  the 
acid  content  to  100  per  cent.  By  means  of  this  mixtixre 
and  by  carefully  excluding  moisture  from  the  apparatus,  I 
experienced  no  difficulty  in  obtaining  a  yield  of  each 
menace tylaminophenol  equal  to  50  per  cent,  of  the  theoret- 
ical. 

By  adding  concentrated  hydrochloric  acid  in  excess,  to 
the  crude  solution  of  acetylorthoaminophenol,  which  is  ob- 
tained after  removal  of  the  tin  and  evaporating  the  mix- 
ture to  drj/ness,  orthoaminophenol  hydrochloride  is  readily 
formed . 

From  acetylorthoaminophenol,  m.p.  201^,  I  prepared  the 
following  derivative,  by  the  Schotten-Baumann  method: 

pibenzoylorthoamino phenol,   C^H^.COOC^  H^^THCOC^H^^,  crys- 
tallizes from  alcohol  in  slender,  white  needles,  melting  at 
180° .   Its  formation  in  this  manner  has  not  been  previously 
recorded;  it  involves  replacement  of  both  acetyl  and  hy- 
drogen by  benzoyl  groups. 

The  preparation  of  paranitrobenzoyl  derivatives  was 
effected  by  gradually  mixing  paranitrobenzoyl  chloride,  dis- 
solved in  benzene,  with  an  aqueous  solution  of  orthoamino- 
phenol hydrochloride  and  adding,  at  intervals,  small  quan- 


titles  of  20  per  cent,  potassium  hydroxide  solution.   The 
experiment  was  conducted  in  an  atmosphere  of  carbon  dio3?ide 
because  free  arninophenol  is  extremely  sensitive  to  oxygen, 
eppeciallj'  in  the  presence  of  alkali.   Operating  under 
these  conditions,  I  obtained  2  compounds,  which  were  sepa- 
rated by  means  of  acetone. 

Para n  i  t  r o  b e n 20 y 1 o r  t ho  arninophenol , 

/    3.     I  I/- 

HOC^H^NHCOC^H^NO^ ,  is  deposited  from  alcohol  in  small,  yel- 
low crystals  melting  at  220  .  It  is  tolerably  readily  sol- 
uble in  acetone. 

Diparani tr obenzoy 1 or t hoa^inophenol , 
O^NC^H^COOC^H^ITHCOC^H^NO^  ,  is  practically  insoluble  in  the 
ordinary  organic  media.   It  crystallizes  from  nitrobenzene 
in  slightly/  graj/,  feathery  crystals,  melting  at  219  . 

The  corresponding  metanitrobenzoyl  derivatives  were 
obtained  in  a  similar  manner  to  the  para  compounds. 

Metanitrobenzo  y  lor  t  jap  ami  no  phe  no  1 , 

/    ^   f  ? 

HOC^H/NHCOC^H^NO^  ,  is  insoluble  in  benzene,  but  readily 

dianolves  in  hot  acetone,  from  which  it  is  deposited  in 

small,  yellow  crystals,  melting  at  206  . 


rimetanitrobenzoylorthoaminophenol, 
O^NC^H^COOC^H^,NHCOC^H^NO^  ,  easily  dissolves  in  benzene  at 
the  ordinary  temperature  and  crystallizes  from  alcohol  in 


light,  flaky  plates,  v/hich  melt  at  188°. 

Under  the  same  conditions  as  were   employed  in  the  case 
of  paranitrohenzoyl  chloride,  except  that  the  potassiujm 
hydroxide  solution  was  only  10  per  cent.,  phenylsulphonic 
chloride  and  orthoaminophenol  hydrochloride  yielded  phenyl- 
sulphoneorthoaminophenol,  HOC^H^NHSO^  C^H^».    It  was  depos- 
ited from  benzene  or  ether  in  small  needles,  which  were 
almost  white  and  melted  at  141°.   In  another  experiment 
carried  out  under  similar  conditions  as  nearly  as  they 
could  "be  reproduced,  except  that  I  used  a  different  prep- 
aration of  phenylsulphonic  chloride,  I  obtained  only  di- 
phenyl sulpho neor thoaminophenol ,   C^ ^^SOj  OC^H^NHSO^  C^ H^., 

which  was  deposited  from  alcohol  in  slightly  reddish  colum- 

(1) 
nar  crystals  melting  at  134°.   Georgesco  states  that  he 

obtained  only  diphenylsulphoneorthoa.minophenol,  m.p. 
81°-  83°,  from  phenylsulphonic  chloride  and  orthoaminophen- 
ol, by  the  Schotten-Baumann  reaction,  but,  in  spite  of  sev- 
eral attempts,  I  was  unable  to  prepare  a  compound  v/ith  this 
melting-point,  or  to  detect  its  presence  in  my  product. 
I  regret  that  Georgesco *s  original  paper  is  not  accessible 
to  me. 

The  formation  of  acetylparaminophenol  from  paranitro- 
phenol  was  effected  in  the  same  manner  as  in  the  case  of 
the  ortho  compound.  Here,  likewise,  absolute  acetic  acid 
must  be  employed  and  moisture  excluded  from  the  apparatus. 
Under  these  conditions  the  preparation  presents  no  special 
(1)  Chem.Centrabl.,1900,  I., 543.  Buletinul.  Societatii  de 


difficulties. 

I  also  ottained  the  compound  hy   the  action  of  tin  auial- 

gam  on  the  nitrophenol,  in  the  presence  of  acetic  acid  of 

100  per  cent,  concentration.   The  experiments  were  carried 

(1) 
out  in  an  apparatus  of  special  construction,   lent  to  me 

by  Professor  Morse.    By  means  of  an  electric  current  the 
amalgam  is  produced  continuously  in  the  apparatus  and  va- 
rious raechanical  devices  ensure  constant  contact  between 
fresh  a/rialgam  and  the  nitro  compound. 

Acetylparaminophenol  behaves  towards  concentrated  hy- 

!■ 
(3) 
The  melting  point,  179°,  given  by  Morse,    is  dve   to  a 

printer's  error.   In  the  course  of  some  experiments  with 

this  compound  I  heated  it  on  the  water-bath  with  alcohol, 

95  per  cent,  and  camphoroxalic  acid.   The  product,  after 

purification  by  means  of  ethyl  acetate,  strongly  resembled 

the  original  acetaminophenol  in  its  appearance,  but  melted 

at  170°  instead  of  166°  .   Closely  agreeing  analyses  showed 

the  content  of  carbon  to  be  0.5  per  cent,  too  high  and 

that  of  nitrogen  0.9  per  cent*  too  low,  vide  p.  22.      By 

heating  at  105^^  the  compound  lost  in  weight  to  the  extent 

of  0.43  per  cent,  and  then  showed  the  same  composition  as 

at  first  and  also,  practically,  the  original  melting  point, 

0 

166  .5.   Such  behavic"  in  this  substance  does  not  appear 
to  have  been  observed  before.   I  believe  that  it  can  be 

(1)  V_ide  H.  P.  Straus:   Dissertation,  Johns  Hopkins  Uni- 
versity,~"1905  . 

(2)  Ber.  d.  chem.  Ges.  II.,  232. 


best  explained  as  follows:   A  portion  of  the  acetyl  de- 
ravativo  is  hydrolyzed  by  the  water  in  the  alcohol,  under 
the  catalytic  influence  of  the  caraphoroxalic  acid,  and  the 
mixture,  or  solid  solution  of  acetyl  derivative  and  amino- 
phenol  combines  with  some  ethyl  acetate.   As  this  latter 
is  not  present  in  the  crystals  in  any  simple  molecular  ra- 
tio, it  is  probably  to  be  regarded  more  as  a  solid  solu- 
tion than  as  ethyl  acetate  of  crystallization.   During 
the  heating  process  acetylation  once  more  takes  place,  by 
the  action  of  free  acetic  acid  present  in  the  ethyl  acetate 
and  so,  in  this  way  and  by  the  elimination  of  ethyl  acetate 
the  original  substance  is  regenerated. 

By  the  action  of  acetyl  chloride  I  obtained  the  di- 

I  ^  o 

acetyl  derivative,  CHjCOOC.  JL  NHCOCH, ,  m.  p.  150  ,  which  has 

Ml) 
been  described  by  Ladenburg,   whose  method  of  preparation 

was  much  less  convenient. 

Benzoyl  chloride  reacts  with  acetylparamiaophenol  un- 
der the  conditions  of  the  Schotten-Bauinann  method, yielding 
N-Acet yl -0 -benzoy Iparaminopheno 1 , 

C^H^COOC^H^imcOCH^  , 
which  is  deposited  from  alcohol  in  white,  feathery  crystals 
melting  at  166  .5.   This  difference  in  the  action  of  ben- 
zoyl chloride  on  the  ortho  and  paracetylaminophenols  is 
interesting  and  suggestive  (vide  p.   3). 

(1)   Ber.  d.  chem.  Ges.,   9,  1529. 


While  this  paper  was  in  the  hands  of  the  printer, 
(1) 
Reverdin   published  a  description  of  C-acetyl-K-benzoyl- 

paraminophenol  and  of  0-benzoyl-N-acetylparaminophenol. 
Both  compounds  are  stated  to  melt  at  171*^,   I«ly  melting- 
points  were  determined  with  care  and  the  purity  of  my  com- 
pound is  shown  by  analysis.  Reverdin' s  experimental  con- 
ditions differed  somewhat  from  those  employed  by  me  and 
his  analytical  results  comprise  merely  one  nitrogen  deter- 
mination.  I  can  only  explain  the  difference  in  melting- 
point  by  supposing  that  possioly  his  coiiipound  contained 
some  monobenzoyl  derivative.   The  coincidence  in  the  melt- 
ing point  of  his  2  substances  is  striking  and  suggestive. 

Albert  W.  Smith,  who  prepared  benzoylparaminophenol  by 
the  action  of  phosphorus  pentachloride  on  syn-hydroxybenzo- 
phenoneoxime  and  also  from  benzoyl  chloride  and  paramino- 
phenol,  gives  the  melting  point  as  205° -207°  .   My  sub- 
stance, also  made  from  benzoyl  chloride,  melted  at  227°. 5, 

When  paranitrobenzoyl  chloride  is  allowed  to  react 
with  paraminophenol  hydrochloride,  under  conditions  sim- 
ilar to  those  described  for  the  ortho  compound  (p.  2  ),  two 
substances  are  formed:   Paranitrobenzoy Iparaminophenol , 

1     4  1      4 
HOC^H^NHCOC^H^NO^  , 

is  deposited  from  alcohol  in  sroall,  glistening,  orange-red, 

(1)  Ber.  d,  chem.  Ges.,  39,  3794  (1906). 

(2)  Ibid.,  24,  4042  (1891). 


monoclinic  crystals,  melting  at  258°,  Biparanitro'benzoyl- 
paraminophenol , 

4    11    4  1     4 

is  obtained  from  solution  in  nitrobenzene  in  light  yelloKV, 

microscopic  crystals,  melting  at  264°. 

Metanitrobenzoyl  chloride  also  yields  2  compounds: 

Metanitrobenzoylparaminophenol ,  HOC^H^NHCOC^;  H^NO^  ,  which 

crystallizes  from  acetone  in  slender,  light  yellow  needles. 

melting  at  215°-216°.  Dimetanitrobenzoylpa.ramJTiophenol, 

3    11    4  1     3 
0^  ITC^  H^COOC^  H^KHCOC^  H^  ITO^  , 

is  deposited  from  nitrobenzene  as  a  light  gra^?-  powder, 


The  action  of  phenylsulphonic  chloride  on  paranitro- 
phenol  was  studied  under  conditions  similar  to  those  em- 
ployed with  orthoaminophenol.  Under  these  circumstances  I 
obtained  only  phenyl sulpho neparaminophenol ,  HOC^  H^iTHSO/ C^  H^- 
which  crystallizes  from  benzene  in  slender,  slightly  col- 
ored  needles,  melting  at  156  .5.   Georgesco    states  that 
he  obtained  this  compound  and  also  diphenylsulphonepar- 

aminophenol, 

1     4 

and  gives  the  melting  point  of  the  former  as  125  -126  and 
of  the  latter  as  150° -152°  .    I  have  repeated  my  experi- 
ments several  times  and,  in  the  absence  of  details  regard- 
(1)  Loc  cit. 


ing  the  conditions  which  he  used,  I  can  only  suggest,  as 
the  probable  cause  of  the  discrepancy  between  his  results 
and  aiine,  that  he  failed  to  purify  his  substances;  this 
would  explain  why  mj-^  mono-sT^lphone  melts  more  than  4" higher 
than  his  d_i-sulphone ,   The  analytical  figures  for  my  com- 
pound are  given  in  the  second  part  of  the  present  paper. 
It  may  also  be  pointed  out,  in  support  of  the  correctness 

of  my  results,  that  they  agree  in  every  way  with  those  re- 

(1) 
ported  by  Troeger  and  Uhlmann   for  the  paratolylsulphones. 

They  also  obtained  only  monosulphones  of  ortho-  and  par- 
aminophenol.  Moreover,  their  ortho  compound  melts  at  138°- 
139°,  a  little  below  the  para  derivative,  which  melts  at 
143°;  the  melting  points  of  my  compounds,  141°  and  156° .5, 
respectively,  correspond  closely  to  these  and  show  the  same 
relationship.   For  convenience  of  comparison  and  by  way  of 
a  summary,  I  show  in  the  following  table  the  simpler  mono- 
and  diacyl  derivatives  of  ortho  and  paraminophenol.   I 
have  tried  to  make  the  list  complete.   The  figures  repre- 
sent the  melting  points  of  the  respective  compounds.   Those 
described  for  the  first  time  in  this  paper  are  given  in 
italics.   It  will  be  noticed  that  out  of  a  total  of  30  sub- 
stances included  in  the  table,  12  have  been  prepared  for 
the  first  time  by  me;  of  the  remaining  18  I  have  prepared 
2  by  a  new,  simpler  method,  have  shown  that  the  existence 
of  2  is  decidedly  doubtful  and  have  corrected  the  melting 
(1)   J.  prakt.  Chem.  (2),  51,  438,441  (1895). 
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point   of  another  one: 

TABLE   SHOWIITG   THE   SIIJCPLER  ACYL  DERIVATIVES   OF   ORTHO-   AMD 
PARAMINOPHENOL. 


Orthoaminophenol 


Paraminophenol . 


Name  of  acid 

Monacyl 

Diacyl 

Monacyl 

Diacyl 

radical. 

derivative 

derivative 

derivative 

derivative 

Acetyl 

201° 

123° -124° 

166° 

150°' 

Acetyl -benzoyl 

166°  .5 

Acetyl -ethyl sul- 

phonyl 

136° 

Acetyl -picryl 

165° 

Acryl 

I230-I240 

0/ 

0   -? 

r>     n 

Benzoyl 

167^ 

isa 

227°^^ 

233° -234° 
171^ 

Benzoyl-acetyl 

Chloracetyl 

136^ 

264° -265° 

Metanitrobenzoyl 

.206° 

13b" 

215° -216° 

Methylsulphonyl 

89^-90° 

Paranitrobenzoyl 

220° 

219° 

258° 

264° 

Paratolylsul- 

^ 

phonyl 

133^-139° 

« -? 

143° 

Phenyl sulphonyl 

141° 

81°-33° 

156°. 5 

150° -152° 

Picryl 

134° 

174° 

A  number  of  experiments  at  0° ,  at  the  ordinary  temperature 
and  at  240°-250°  have  been  made  in  order  to  obtain  triben- 
zoyl  derivatives  of  ortho-and  para/ninophenols .   In  every 
case  without  success. 


EXPERI MENTAL. 

Preparation  of  Orthoacetoaminophenol .  -  Orthonitrophenol 

(12  grams,  1  raol.)  was  mixed  in  a  capacious,  round -bottom- 

(1)  Prepared  by  new  method.   (2)  Previous  melting  point 
corrected.    (3)   Existence  doubtful. 
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ed  flask  v.itl.  glacial  acetic  acid,  50  grams  =  10.5  mol.,  to 
which  sufficient  recently  distilled  acetic  anhydride  had 
"been  added  to  bring  the  acid  content  to  100  per  cent.   The 
flask  was  attached  to  a  long  reversed  condenser,  suitahlj^ 
protected  from  the  moisture  of  the  atmosphere  and  the  con- 
tents of  the  flask  were  iieated  until  the  nitroplienol  had 
dissolved.   To  this  solution  granulated  tin,  15  grams,  was 
added.   The  reduction  cciijaenced  imjnediately  and  the  action 
quickly  hecame  very  vigorous.   It  is  desirable  to  allow  the 
i^eacticn  to  proceed  as  rapidly  as  if.  possible  v/ithout  loss 
of  substance.   As  soon  as  the  action  moderates,  a  second  ■ 
portion  of  tin,  15  grams,  is  added  and,  if  necessary,  ex- 
ternal heat  is  applied  to  bring  practically  all  of  the  met- 
al into  solution.   The  liquid  is  now  poured  into  2  litres 
of  v/ater,  the  mixture  warmed  and  a  current  of  hydrogen 
sulphide  passed  into  it  until  no  further  precipitate  of 
stannous  sulphide  takes  place.   Sometimes  it  is  convenient 
to  filter  the  liquid  tlirough  cheese  cloth  before  all  the 
tin  has  been  thrown  down  and  then,  later,  to  make  a  final 
filtration  tl-irough  paper. 

The  clear  filtrate  is  concentrated  until  crystals  ap- 
pear; after  being  cooled  the  crystals  are  drained  and  re- 

crystalli^ed  twice  from  95  per  cent,  alcohol.   The  compound 

(1)  (1) 

melts  at  201°,  as  stated  by  Morse  and  by  Ladenburg.   This 


yield  is  40-45  per  cent  of  the  theoretical, 
(1)   Loc  cit . 
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Preparation  of  Orthoairdnopnenol  Hydrochloride,  - 
This  compound  is  readily  obtained  by  adding  an  equal  vol- 
uirie  of  concentrated  hydrochloric  acid  to  the  clear  fil- 
trate from  the  stannous  sulphide  and  then  evaporating  to  a 
small  bulk.   Should  this  concentrated  liquid  have  the  odor 
of  acetic  acid,  more  hydrochlorjc  acid  is  added  and  the 
heating  repeated  until  all  acetic  acid  has  been  expelled. 
The  hydrochloride  readily  forms  crystals  and  may  be  puri- 
fied by  reerystallizing  twice  from  water  with  the  addition 
of  a  little  animal  charcoal.   It  has  no  melting-point  with- 
in the  range  of  my  thermometers.   The  yield  is  about  50  per 
cent,  of  the  theoretical. 

Action  of  Benzoyl  Chloride  on  Orthoacetairiinophenol, - 
The  acetarranophenol,  14  grajiis  -  1  mol.,  was  dissolved  in 
warm  water  and  mixed  with  benzoyl  chloride,  20  graiTiS  - 
1  -  2/3  mol.   The  liquids  were  well  sliaken  and  to  them  was 
added,  in  small  portions,  sufficient  aqueous  solution  of  po- 
tassiiuri  hydroxide,  10  per  cent,,  to  produce  a  permanent  al- 
kaline reaction,    A  precipitate  v/hich  formed,  finally,  was 
removed,  washed  v/ith  water  and  recrystallized  from  alco- 
hol.   It  is  deposited  in  slender  white  needles,  v»rhich  melt 
at  180  and  were  found  to  consist  of  dibenzo;'^lorthoamino- 
phenol.   The  yield  was  excellent. 

Analysis: 
I,   0,1455  grani  substance  gave  0,4032  gram  CO^  ana  0,0674 
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grarri  H^O, 

II,0,1825i  gram  substance   gave  7.7cc.    N  at   22°    and  760  rrori, 

Found. 

II. 


Calculated  for 

jOCOC^H^.    (1) 

C.H,( 

I. 

NHCOC^H^^.     (2) 

c 

75.7 

75.57 

H 

4.73 

5.14 

N 

4.41 

.    . 

4.65 

Action  of  Paranitrobenzoyl  Chloride  on  Orthoan-iinophenol 
Hydrochloride . -   Pree  orthoarrdnophenol  is  readily  colored  by 
oxygen,  consequently,  experiments  v/hich  involve  the  action 
of  an  alkali  on  the  arriinophenol  hydrochloride  were   always 
carried  out  in  an  atmosphere  of  carbon  dioxide,   Paranitro- 
benzoyl chloride  being  a  solid,  it  was  found  to  be  most  con- 
venient to  employ  it  in  benzene  solution. 

The  airiinophenol  hydrochloride,  b  grarris  -  1  mol,,  was 
dissolved  in  water  and  mixed  with  a  benzene  solution  of  par- 
anitrobenzoyl chloride,  12.7  grajris  -  2  mols.   Potassiuiri  hy- 
droxide, 20  per  cent,  aqueous  solution,  v/as  added  gradually, 
the  rrdxture  being  constantly  shaken;  this  was  continued  un- 
til the  liquid  beceone  penrjanently  alkaline.   The  precipitate 
v/hich  fomried  was  removed  and,  after  being  v/ashed  vath  water 
and  dried,  it  was  placed  in  a  Soxhlet  ai^paratus  and  extract- 
ed v^ith  acetone.   The  portion  which  dissolved  v/as  recrystal- 
lized  from  alcohol.   It  formed  slightly  yellow,  light,  feath- 
ery crystals,  melting  at  220°. 
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Analysis: 
0.1677   grani  substance   gave    15.2   cc,    N   at   25° .  5   and  7  64  rriiiu 

Calculated  for 
/OH    (1) 
C^H^'T  Found. 

N  10,85  10.9 

These  results  snow  that  the  body  is  T;a.ranitroben- 
z  oylorthoaminophenol . 

The  compound  that  was  insoluble  in  acetone  was  re- 
ci'ystallized  from  nitrobenzene,  the  deposited  crystals, 
which  were  light  and  feathery,  were  washed  with  benzene. 
They  melted  at  219°.   Tae  substance,  ^vhich  proved  to  be  di_- 
paranitrobenzoylorthoantinophenol.  is  practically  insoluble 
in  v/ater,  ethyl  and  methyl  alcohols,  ether,  chloroform, 
ethyl  acetate,  benzene,  toluene  and  ligroin. 
Analysis: 

I,  0.1495  gram  substance  gave  0.3214  gram  00^  and  0.0443 
grarri  H^O. 

II,  0,1409  gram  substance  gave  13  cc.  N  at  20   and  750  miTi, 

Calculated  for  round. 


II. 


10.4 


OCOC^H^NO^ 

^-iiCOC.h^^O^ 

I. 

c 

58.96 

58.63 

H 

3.19 

3.29 

N 

10.31 

, 
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The  total  yiela  of  tliese  2  compounds  v/aa  80-90  per 
cent,  of  the  theoretical,  in  the  ratio  of  3  jjarts  mono-; 
5  parts  of  the  dinitrobenzoyl  derivative. 

Action  of  Metanitrobenzoyl  Chloride  on  Orthoajiiino- 
phenol  Hydrochloride,-  The  experiments  with  these  compounds 
were  carried  out  under  exactly  the  sairte  conditions  as  those 
v/ith  paranitrobenzoyl  chloride  v/hich  are  described  above, 
I  worked  v/ith  10  grairis  (1  mol,  )  of  the  hydrochloride  and 
21,4  grams  (1,7  mol.)  of  the  acid  chloride.   The  product  of 
the  reaction  was  extracted  with  benzene  in  a  Soxhlet  appara- 
tus.  The  residue,  insoluble  in  benzene,  was  dissolved  in 
acetone,  from  v/hich  it  separated  in  sirall,  yellowish  crys- 
tals, v;hich  melted  at  206°  and  v/ere  found  to  consist  of  met- 
anitrobenzoylorthoeuiiinophenol. 

Analysis: 

I.  0,1541   gran,  substance   gave   0,3434   gram  CO^    and  0.0600 
grani  H^O, 

II.  0,1108  grarri   substance   gave   10.6cc   N   at    24°    and   758rrim. 

Calculated  for  Pound. 

OH    (1) 

C^H^X  I.  II. 

NHCOC^  H^NO^ 

C  60.46  60.77 

H  3,87  4.32  .       . 

N  10.85  .       ,  10.69 

The   second  product   of    the   reaction,   which  was    solu- 
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ble  in  benzene,  v/aa  purified  by  solution  in  alcohol,  from 
vyhich  it.  was  deposited  in  Jight,  feathery  crystals  with  a 
slight  pinJcish  tinge.  It  melted  at  186  and  ij roved  to  be 
diirtetanitrobenzoylorthoarrtinophenolt 

Analysis: 
I,   0,1165  grairi  substance  gave  0,^504  grarri  CO^  and  0,0418 
gram  H^O, 


Calculated  for  Foi^nd. 

(^(^OC^H^NO^ 
C^H^C^  I.  II. 

pCOC^H.NO^ 

C  58.96  58.61  .       . 

H  3.19  3.98  ,       . 

N  10.31  .       .  10.5 

The  total  yield  of  these  2  compounds  was  about  80-90 
per  cent,  of  the  theoretical,  of  which  rather  more  than  half 
consisted  of  the  dinitrobenzoyl  derivative. 

Action  of  Phenyls alpiionic  Chloride  on  OrthoaiTiino-     « 
phenol  Hydrochloride.-   These  experiments  were  carried  out 
under  similar  conditions  to  those  employed  in  the  case  of 
paranitrobenzoyl  chloride. (vide  p.  13.)   It  was,  of  course, 
unriecessary  to  use  benzene.   I  took  5  granis  (1  mol.)  of  the 
nydrochloride  and  12  grairis  (2  mols,  )  of  the  sulphonic  chlor- 
ide in  each  experiment;  the  concentration  of  the  potassium 
hydroxiae  solution  v/as  10  per  cent.   The  crude,  solid  pro- 
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duct  of  the  reaction  v/as  dried  find  extracted  with  benzene  in 
a  Soxhlet  apparatus,  to  remove  a  siaall  quantity  of  tarry 
matter.   After  evaporation  of  the  benzene  the  material  which 
had  dissolved  in  it  was  recrystallized  from  ether,  being  de- 
posited in  slender,  pale-pink  crystals,  v;hich  are  readily 
soluble  in  alcohol  and  melt  at  141°.    It  proved  to  be  phen- 
ylsulphoneorthoaminophenol.   The  yield  of  purified  product 
isas  about  70  per  cent,  of  the  theoretical. 
Analysis: 

I,  0.1101  gram  substance  gave  0,2346  gram   CO^  and  0,0469 
graiTi  H^O. 

II,  0.1347  grairi  substance  gave  6,S  cc,  N  at  24°, 5  and  763mrri. 

III,  0.2302  gram  substance  gave  0,2216  grani  BaSO^  , 

Tound, 


Calculated  for 

/0H(1) 
lWS0^C^Ji^(2) 

I, 

c 

H 
N 
S 

57.83 
4.41 
5.5 

12.88 

58.14 
4.73 

II.    Ill 


5,51      .   . 
13.22 

In  another  series  of  experiments  in  which  I  used  2.9 

graiTiS  (1  mol.  )  of  orthoaminophenol  hydrochloride  and  4  grants 

of  phenylsulphonic  chloride  (1,25  mol.)  with  10  per  cent, 

i-otassiuiTi  hydroxide,  the  other  conditions  being  as  nearly  as 

possible  identical  v/ith  those  described  above,  I  obtained 
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only  diphenylaulphoneorthoarriinophenol.   In  other  experiments 
in  which  the  proportions  of  reacting  substajices  v/ere  exactly 
the  saxne  as  those  used  in  the  preparation  of  the  monosul- 
phone  I  again  obtained  merely  the  disubstituted  compound, 
Tne  only  cause  of  tliis  difference  in  behavior,  which  I  have 
been   able  to  detect,  is  in  the  phenyls ulphonic  chloride,  two 
saniples  of  which  v/ere  at  my  disposal.   Both  of  these  were  in 
Kahlbaum's  original  packages,  but  one  always  ga.ve  me  the 
mono-  and  the  other  the  disubstituted  coiripound.   This  latter 
substance  crystallizes  frOiU  alcohol  in  reddish  rods  which 
melt  at  154°. 

Analysis: 

I,  0,1476  graxrt  substance   gave   0,2939   graxr.  CO^    and  0,0582 
gram  H^O, 

II,  0,2029   gran*  substance   gave   6,5cc.      N  at   24      and  751rrim, 

III,  0,2174  grarri   substance   gave   0,2548  gram  barium  sulphate. 

IV,  0,1532  gram  substance   gave   0,1786   grarri  bariuir.  sulphate. 


IV, 


Calculated 

for 

Pound, 

OSO,  C,  IV 

NHSO^  C^  H. 

(1) 

I. 

II, 

III, 

.(2) 

c 

55,49 

55. 

,23 

, 

•     , 

H 

3,85 

4, 

,38 

,    . 

N 

3,59 

. 

, 

3,46 

,     , 

S 

16.47 

. 

, 

16.10 

15.01 


A  nujTiber   of   experiments   were  also  made  v/ith  a  third 
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sairiple  of  phenylsulphonic  chloride  vmich  was  likewise   one 
of  Kahlbaun/s  preparations.   It  had  been  in  stock  for 
some  time  before  I  used  it.   With  orthoaminophenol  hydro- 
chloride and  this  compound  I  obtained  what  aripeared  to  be 
mixtures  of  the  mono-and  disulphones,  melting  at  126°, 8, 
The  monosulphone  melts  at  141°  and  the  disubstituted  com- 
pound at  134°,   Mixtures  of  the  tv/o  melt  at  118°  and  a  mix- 
ture of  monosulphone  and  of  the  third  preparation  mentioned 
above  (m,  p.  126^,8)  melts  at  121°. 

The  discrepancy  between  my  results  and  those  of  Georg- 
esco  has  already  been  pointed  out, (vide  p,4),   I  made  sev- 
eral attenipts  to  prepare  his  diphenylsulphone  derivative  by 
varying  the  experimental  conditions  and  the  proportion  of 
phenylsulphonic  chloride,  but  v/ithout  success.   The  low 
melting-point  of  Georgesco's  disulphone,  81° -83°,  and  its 
red  color,  inake  me  very  doubtful  as  to  the  purity  of  his 
substance. 

Preparation  of  Paracetoarriinophenol.-  This  compound 
".'/as  prepared  from  paranitrophenol  exactly  in  the  sairie  manner 
as  the  ortho  derivative  (p,  10),   A  few  experiments  were 
made  for  me  by  Dr,  C,  W.  Gray  to  detenrdne  whether  it  was 
advantageous  to  prepare  paracetoarriinophenol  by  the  electro- 
lytic reduction  of  paranitrophenol  in  acetic  solution.   As 
will  be  apparent  from  what  follows,  the  ordinary  meaning  of 
the  term  "electrolytic  reduction"  is  hardly  applicable  to 
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the  conditions  under  which  I  worked;  the  active  reducing 
agent  was  tin  amalgaiTi,  v/hich  was  continuously  produced  un- 
der the  influence  of  the  electric  current.   Pai-anitrophenol 
9  grams,  and  acetic  acid  of  100  per  cent,  concentration,  35 
grains,  were  placed  in  the  cathode  vessel.   A  rod  of  pure 
tin  was  inserted  into  the  anode  compartment.   The  2  vessels 
were  connected  hy   means  of  mercury  and  the  whole  apparatus 
v/as  mounted  on  a  wooden  stand,  to  vmich  could  be  imparted 
an  automatic,  steady  rocking  motion.   This  apparatus  was 

designed  by  Professor  Morse  and  is  practically  identical 

(1) 
with  that  fully  described  and  illustrated  by  H,  P,  Strauss, 

who  v/orked  under  his  direction.   By  the  use  of  a  graphite- 
coated,  electric  furnace,  constructed  according  to  the  de- 

(2) 
scription  of  Morse  and  Frazier,  the  cathode  compartment 

could  be  heated  to  any  desired  temijerature. 

The  reduction  of  the  nitrophenol  proceeded  witnout 
difficulty  'onder  these  conditions,  and  the  product  of  the 
reaction  'was  v;orked  up  in  the  same  irjanner  as  that  obtained 
by  the  use  of  acetic  acid  and  granulated  tin.   The  yield  was 
about  40  per  cent,  of  the  theoretical. 

This  acetyl  derivative  was  purified  by  solution  in 
water,  from  vmich  it  is  deposited  in  colorless,  v/ell-f onned. 


(3) 
lander.   Because  of  the  vax'ying  statements  in  the  lit- 

(1)  Dissertation,  Johns  Hopkins  University,  1905, 

(2)  Amer.  Chem.  Jour.,  32,  93,  1904).     (3)   Loc  cit. 
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erature  regarding  the  melting-point  of  this  conpound,  it 

was  further  identified  ty  analysis. 

I.  0.1891  gram  substance  gave  0.4403  gram  CO^  and 

0.1019  gram  H^O. 

II.  0.2104  gram  substance  gave  17.8  cc.  N  at  20°  and  767mm. 

Calculated  for  Poimd. 

/OH  (1) 

C^H^N  I-  II- 

NHCOCHj,  (4) 

C  63.57  63.44  .   . 

H  5.96  5.98  .   . 

U  9.27  .  .  9.6 

The  yield  was  about  47  per  cent,  of  the  theoretical. 

In  the  course  of  some  experiments  with  this  substance 
I  had  occasion  to  heat  it  on  the  v^ater-bath  with  a  solution 
of  camphoroxalic  acid  in  95  per  cent,  alcohol.   A  crvstal- 
line  product  was  obtained  which  closely  resembled  paracet- 
aminophenol,  but  melted  at  170  . 

Analysis: 

I.   0.1343  gram  substance  gave  0.3150  gram  CO^ and 
0.0716  gram  H^O. 

II.   0.1429  gram  substance  gave  0.3357  gram  CO^  and 
0.0766  gram  H^O. 

III.   0.2843  gram  substance  gave  21.5  cc.  N  at  22  .5  and 


760  mm. 


0 

IV.   0.1765  gram  substance  gave  13.3  cc .  N  at  21  .5 


and  755  mm. 
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Calculated 

for 

Found 

/Oli(l) 

/0H(1) 
^W^(4) 

C^H^\ 

II. 

JII. 

IV. 

HHCOCH_;  (4) 

C        63.57 

.36.05      64.09 

64.07 

,  , 

,  , 

H         5.96 

6.42       5.92 

5.95 

,  , 

,  , 

N        9,27 

12.84       .  . 

,  , 

S.35 

8.32 

A  portion  of  the  compound  was  heated  at  105°  until 

its  v/eight  became  constant.   The  loss  in  weight  amounted  to 

0,43  per  cent.   After  tnis  heating  the  substance  melted  at 

166°. 5,  instead  of  170°  and,  when  analyzed,  proved  to  be 

paracetaruinophenol. 

Analysis: 

I.    0,1346  graiTi  substance  gave   0.3138  grairi  CO^    and  0.0742 

grarri  H^O. 

II.    0.2101  grarri  substance   gave   17,5   cc.    N  at   20      and  752mrri 

Calculated  for  Found, 

/0H(1) 

wicocnj,(4) 

C  63.57  63,58  .    , 

H  5.96  6.12  .    . 

N  9.27  ,       .  9,24 


As  Stated  more  fully  in  the  theoretical  portion  of 
this  paper,  I  believe  that  the  changes  described  above  are 
due  to  the  hydrolysis  of  a  portion  of  the  acetaruinophenol; 
this  v;ould  raise  the  carbon  content;  the  percentage  of  ni- 
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trogen  would,  however,  be  reduced  on  account  of  the  ethyl 
acetate  which  was  retained,  whereas  this  would  produce  much 
less  effect  on  the  carbon  and  hydrogen  values.   During  the 
heating  to  drive  off  tnis  ethyl  acetate,  acetylation  of  the 
hydrolyzed  product  took  place,  so  that,  finally,  I  obtained 
acetarriinojjhenol  regenerated  in  a  state  of  purity. 

Preparation  of  ParatTiinophenol  Hydrochloride,-  This 
salt  is  readily  prepared  by  adding  to  the  clear  filtrate 
from  the  stannous  suli^hide  precipitate  an  equal  voluirie  of 
concentrated  hydrochloric  acid  and  evaporating  to  dryness. 
Should  acetic  acid  be  present  towards  the  completion  of  the 
evaporation,  iTiore  hydrochloric  acid  must  be  added  and  the 
heating  continued.   The  product  is  purified  by  recrystal- 
liaing  once  or  tv/ice  from  water  in  the  presence  of  a  little 
aniirial  charcoal.   The  yield  of  purified  substance  is  about 
45-50  per  cent,  of  the  theoretical. 

Action  of  Acetyl  Chloride  on  Paracetaminophenol, -  V/hen 
these  compounds  are  mixed,  in  equimolecular  proportions,  and 
gently  heated,  they  quickly  react.  The  product  was  crystal- 
lized from  water.   It  melted  at  150°  and  corresponded,  in 

(1) 
general  properties,  v/ith  the  substance  prepared  by  Ladenburg 

from  paraiainophenol  and  acetic  arrihydride.   The  yield  was 

practically  quantitative, 

(1)   Ber.  d.  chem.  Ges.,  9,  1529  (1S76), 
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Action  of  Benzoyl  ChXpr^de  on  Paracetamlnophenol . -The 
experiments  with  these  compounds  were  carried  out  under 
similar  conditions  to  those  employed  in  the  case  of  ortho- 
eiminophenol .   I  worked  in  aqueous  solution  and  used  10  per 
cent,  potassium  hydroxide.   The  chloride  and  the  acetamino- 
phenol  were  employed  in  equimolecular  proportion.  The 
product  of  the  reaction  separated  as  a  solid;  after  being 
washed  it  was  recrystallized  from  alcohol,  from  which  it 
was  deposited  in  white,  feathery  crystals,  melting  at 
1660.5.   It  is  sparinglj"^  soluble  in  hot  water  but  practical- 
ly insoluble  in  cold.  The  compound  proved  to  be  N-acetyl- 
0-benzoylparaminophenol.   The  yield  was  about  90  per  cent, 
of  the  theoretical. 
Analysis: 

I.  0.1699  gram  substance  gave  0.4392  gram  CO^  and  0.0787 
gram  H^O. 

II,  0.1017  gram  substance  gave  5  cc,  N  at  19.5  and  752  mm. 

Calculated  for        Poimd. 

NHC0CHy(4) 

C  70,58  70.44         .  . 

H  5.09  5.14         .  . 

N  5,49  ,  .         5.58 

Ac  t  ij)  n^  of  Par  an  it  rob  en  z  o  y  1  c  hi  or  i  de  o  n_  Parami  no  phe  no  1 
Hydrochloride.-  These  substances  were  allowed  to  react  un- 
der conditions  similar  to  those  employed  in  the  case  of  or- 
thoaminophenol.  The  quantities  taken  were  5  grams  (1  mol.) 
of  the  hydrochloride  and  16  grams  (2.5  mol.)  of  the  acid 
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chloride.  The  solid  product  was  washed  with  water,  dried 
and  extracted  in  a  Soxhlet  apparatus  with  acetone.   The 
greater  portion  remained  undissolved.   The  substance  sol- 
uble in  acetone  did  not  dissolve  at  all  readily  in  ethyl 
alcohol,  but  it  was  deposited  from  methyl  alcohol  in  small 
orange-red  crystals,  melting  at  258°.   It  also  dissolves  in 
ethyl  acetate.   I  obtained  the  same  compound,  as  the  only 
product  of  the  reaction,  by  intimately  mixing  finely  di- 
vided paraminophenol  hydrochloride,  3  grams  (1  mol.),  with 
the  acid  chloride,  4.2  grams  (1.1  mol,),  and  heating  in  an 
open  vessel  at  160°.  The  resulting  material  was  triturated 
in  a  mortar  with  10  per  cent,  sodium  carbonate  solution  and 
then  recrystallized  from  alcohol.  The  compound  proved  to 
be  paranitrobenzoylparaminophenol . 
Analj'^sis: 

I.  0.1384  grajn  substance  gave  0.3067  gram  CO^  and  0.0548 
gram  H^O. 

II.  0.1852  gram  substance  gave  18.1  cc.  N  at  230.5  and 
770  mm. 

Calculated  for  Pound. 

/ 

OH 
C,H-  I.  II. 


'NHCOq.  H^NO^ 


C  60.46  60.43  .    . 

H  3.87  4.39  .    . 

N  10.85  .    ,  10.85 

That  portion  of  the  product  of  the  Schotten-Baumann 

reaction  which  was  insoluble  in  acetone  was  crystallized 
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from  nitrobenzene;  it  formed  a  light  yellow  powder,  melting 
at  264'^.      It  did  not  dissolve  in  water,  ethyl  alcohol, 
ether,  methyl  alcohol,  ethyl  acetate,  nor  in  hot  or  cold 
aqueous  potassium  hydroxide  solution.   The  substance  proved 
to  be  diparanitrobenzoylpararAinophenql. 
Analysis: 

I.  0.1067  gram  substance  gave  0.2312  gram  CO^  and 
0.0343  gram  H^O. 

II.  0.2285  gram  substance  gave  21cc.  N  at  21°  and 
751mm. 

Calculated  for  Pound. 


./ 


OCOC^  H^lto^ 


C^H^  I.  II. 

^NHCOCxH.NO, 
^  /  "     *■  ^    < 

C  58.96  59.09  .    . 

H  3.19  3.57  .    . 

N  10.31  .     .  10.12 

The  total  yield  of  these  compounds  was  about  80-90  per 
cent,  of  the  theoretical,  in  the  proportion  of  approximate- 
ly 3  parts  of  the  mono-:  5  parts  of  the  diacyl  derivative. 

^£!kk'^J^9.t.J^$^^k^^'^yiV}i^t^^  Paraminophenol 

Hydrochloride.-  The  hydrochloride,  5  grams  (1  mol.),  in 
aqueous  solution  was  mixed  with  the  acid  chloride,  12.8 
grams  (2  mols.),   dissolved  in  benzene,  and  aqueous  potas- 
sium hydroxide,  20  per  cent,  solution,  was  added.   The  con- 
ditions of  the  experiment  were  exactly  like  those  describ- 
ed for  paranitrobenzoyl  chloride  and  orthoaminophenol  hy- 
drochloride, vide  p.  13.   The  solid  product  of  the  reaction 
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after  being  washed  v/ith  water  and  dried,  was  extracted  in 
a  Soxhlet  apparatus  with  ethyl  acetate.   The  portion  which 
dissolved  in  this  solvent  crystallized  from  acetone  in  slen- 
der, light  yellow  needles,  melting  at  215  -216  ,   It  was 
sparingly  soluble  in  alcohol  andproved  to  be  metanitroben- 
z  oylparajiiinophenol , 

Analysis: 
0.1612  graiti  substance  gave  0,3588  gram  CO^  and  0,0627  gram 
H^O, 

Calculated  for        Found. 
/OH 
NHCOq.  11  ^^0^ 

C  60,46  60.70 

H  3,87  4.32 

That  portion  of  the  reaction  product  which  did  not 
dissolve  in  ethyl  acetate  v/as  purified  by  solution  in  ni- 
trobenzene, from  -which  it  was  deposited  as  a  gray  pov/der, 


organic  uiedia  and  consisted  of  dimetanitrobenzoylparairiino- 
phenol. 

Analysis: 

I.  0,1764  grain  substance   gave   0.3824  gram  CO^    and  0.0599 
gram  HO. 

II.  0,2342  grairi  substance   gave   22,6   cc,    N  at   26      and  760  rrim. 
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Calculated  for  Found. 

C.H<  I.  II. 

NHCOC^  H^IJO^ 

C  58,96  59.12  .  . 

H  3.19  3.77  .  . 

N  10.31  .  .  10.39 

The  total  yield  of  these  2  coiupounds  was  80-90  per 
cent,  of  the  theoretical,  in  the  ratio  of  about  1  part  mono- 
2  parts  of  dimetanitrobenzoyl  derivative. 

Action  of  Piaenylsulphonic  Chloride  on  Pararrdnophenol 
Hydrochlox'ide . -  The  v/ork  with  these  substances  was  carried 
out  exactly  as  in  the  case  of  the  corresponding  experiments 
with  orthoarrdnophenol,  (vide  p. 16).   The  quantities  employed 
v/ere  5  grairiS  (1  mol. )  of  the  hydrochloride  and  12  grams 
(2  mols.)  of  the  acid  chloride.   The  solid  product  of  the 
reaction  was  treated  with  benzene;  a  small  portion  of  insol- 
uble tarry  matter  renjained.   The  part  which  dissolved  was 
crystallized  from  ether  and  deposited  in  slender,  v/hite 
needles,  melting  at  156.5,   It  is  readily  soluble  in  alco- 
hol, and  consisted  entirely  of  phenylsulphonepararriinophenol 
irrespective  of  v/hich  of  the  three  samples  of  sulphonic 
chloride  was  employed,  (vide  p. 18),   An"  experiment  was  made 
with  a  different  proportion  of  sulrjhonic  chloride,  but  the 
product  v/as  identical  v/ith  the  one  first  obtained. 
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Analysis: 

I,    0,1201  grarri  substance  gave  0.2555   gram  CO^    and  0,0542 
grani  H_^0, 

II.    0.1624  gram  substance  gave  8.3   cc,    N  at   27°  and  75Snirri. 

Ill,    0.2301  grani  substance  gave  0,2189   graiti  BaSO^  , 

IV,    0,2202  grajn  substance  gave  0,2086   gram  BaSO.  , 
Calculated  for  Pound. 

/OH 

C^H^v  I.  II.  III.         IV. 

NiiSO^  C^  h^. 

C  57.85  58.01  

H  4.41  5.01  

N  5.5  .     .  5.45  .       . 

S  12.88  .    .  12.01      13.0] 

The  yield  v,fas  70-80  p^J^  cent,  of  the  theoretical. 
All  my  efforts  to  prepare  a  diphenylsulphone  were 
unsuccessful, 

Mr,  Marshall  P.  Crara  has  been   good  enough  to  carry 
out  for  me  a  nuniber  of  experiments  with  the  object  of  ob- 
taining triacyl  derivatives  of  ortho  and  paraniinophenol.  As 
they  have,  unfortunately,  not  been  attended  v/ith  success 
they  will  be  described  very  briefly,   Orthoardinophenol  hy- 
drocnloride,  7,25  granis  (1  mol.),  and  benzoyl  chloride,  50 
grairiS  (7  mol.),  were  mixed  and  treated  with  ^  otassium  hy- 
droxide, 2o  granis  (8  mol.),  in  15  per  cent,  aqueous  solu- 
tion.  The  mixture  was  allowed  to  remain  at  the  ordinary 
tem^.eratare  for  5  weeics.   In  a  second  experiment,  similar  to 
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the  above,  the  materials  were  allov/ed  to  remain  for  6   weeks, 
at  O'^ .   Two  further  experiments  were  made  at  the  ordinary 

0 

temperature  and  at  0  ,  respectively,  using  pyridine,  lOOcc, 
instead  of  the  potassiurri  hydroxide.   Finally,  all  4  experi- 
ments were  repeated  v/ith  parairdnoiohenol  hydrochloride  in- 
stead of  the  ortho  compound.   The  products  from  the  exper- 
iments v/ith  potassiujTi  hydroxide  v/ere  poured  into  water,  fil- 
tered, and  recrystallized  from  benzene.   Only  the  dibenzoyl- 
aminophenols  were  obtained,   From  the  aqueous  filtrate  ben- 
zoic acid  alone  could  be  isolated.   The  product  from  the 
pyridine  experiments  v/as  extracted  with  ether,  washed  with 
water  and  the  residue  crystallized  from  benzene;  it  proved 
to  be  the  dibenzoyl  compound.   The  ethereal  solution  was  ex- 
tracted v/itn  dilute  sulphuric  acid  and  then  evaporated;  the 
residue  was  a  mixture  of  benzoic  and  monobenzoylarninophenol. 

Experiments  v/ere  next  tried  at  a  high  temperature, 
Dibenzoylijaraniinophenol,  72  grains,  v/as  mixed  v;ith  dehydrated 
sodiuiri  benzoate,  2,7  graiTis,  1  drop  of  concentrated  sulphuric 
acid  and  a  large  excess  of  benzoyl  chloride,  11,4  grarris,  and 
heated  in  a  sealed  tube  for  1,5  v/orking  days,  at.  240°,   A 
portion  v/hich  was  removed  and  tested  showed  that  no  reaction 
had  taken  place,  consequently  the  heating  v;as  continued  for 
another  day  at  250°,   This  treatment  caused  incipient  decom- 
position.  Only  the  unchanged  disubstitution  derivative 
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could   be   obtained  from  the   product,      A  similar  experiment 
v/as  iTiade  with  dibenzoylorthoairdnophenol,    but   the"  conditions 
of  heating  v/ere   1,5   days,    at   240°,      The 
to    that   obtained  v/ith   the   para   compound. 
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CONCLUSIONS. 

1.  In  the  preceding  pages  I  have  given  an  account  of  the 
study  of  a  number  of  new  cc-upounds  prepared  froai  camphor- 
oxalic  acid  and  certain  primary  amines, 

2.  Many  new  compounds  are  also  described  resulting  from 
the  action  of  certain  secondary  amines  on  camphoroxalic 
acid. 

3.  Various  new  salts  of  this  acid  with  several  tertiary 
bases  are  also  described.   Some  of  these  are  well  defined 
and  highly  crystalline, 

4.  An  improvement  to  Morse's  method  of  preparing  ortho- 
and  paraminophenol  has  been  worked  out. 

5.  A  considerable  number  of  new  mono-and  dlacyl  deriv- 
atives of  each  of  these  phenols  are  described. 

6.  Other  acyl  derivatives  of  the  phenols  have  been  made 
by  simpler  and  oetter  methods  than  those  hitherto  employed. 
In  some  instances  the  statements  in  Chemical  literature 
regarding  their  properties  have  oeen   shown  to  be  incorrect, 
Fresh  data  have  been  supplied  and  the  existence  of  certain 
compounds  has  been  proved  to  be  very  doubtful. 
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